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PREFACE TO THE THIRD EDITION 


As was the case • with the second edition nine years agOj the present 
revision has made changes on almost every page, , while the sections' 
relating to the skeleton, "the muscular system, the brain and the circula- 
tion have been altered very materially, some parts , being entirely', 
rewritten. The bibliography has been brought down to date, and a num- 
ber of figures have been added and others redrawn. The author acknowl- 
edges valuable 'criticisms and suggestions from Professors ,Lt A. 'Adams,'' 
C. J. Herrick and H. V. Neal. 

Berkeley, California, 

ApHl^ 1926 . ' ■ , 

PREFACE TO SECOND EDITION 


The present edition has undergone a thorough revision, several 
sections having been rewritten, and every page having been carefully 
examined. A very considerable number of new illustrations have 
been added and several of those of the fiirst edition have been redrawn. 
Experience has shown that it is easier to remember technical terms 
when their derivation and meaning is understood. Hence there has 
been added to this edition a list of Greek and Latin roots, from which 
the student can ascertain the origin and composition of practicaUy 
every anatomical and embryological term in the volume. For 
assistance in the preparation of this, I am indebted to Professor W. A, 
Oldfather, of the University: of Tllinois, - , I would also return thanks"; 
here to the various persons who have sent me criticisms and corrections 
of statements in the' first edition, and I cannot refrain from expressing 
my appreciation of' the way in which the publishers: have 'presented, 
.^-this and the former edition, 

UNIVERSITY"'-' OF 'Illinois. 




PREFACE TO FIRST EDITION 


Vertebrate anatomy is everywhere taught by the laboratory 
method. The student studies and dissects representatives of several 
classes, thus gaining an autoptic knowledge of the various organs and 
their positions in these forms. These facts do not constitute a science 
until they are properly compared and correlated with each other and 
with the conditions in other animals. It is the purpose of the author 
to present a volume of moderate size which may serve as a framework 
around which these facts can be grouped so that their bearings may 
be readily recognized and a broad conception of vertebrate structure 
may be obtained. 

In order that this may be realized, embryology is made the basis, 
the various structures being traced from the undifferentiated egg into 
the adult condition. This renders it easy to compare the embryonic 
stages of the higher vertebrates with the adults of the lower and to 
recognize the resemblances and differences between organs in the 
separate classes. There has been no attempt to describe the struc- 
ture of any species in detail, but rather to outline the general mor- 
phology of all vertebrates. To aid in the discrimination of the 
broader features and the more minor details, two sizes of t3?pe have 
been used, the larger for matter to be mastered by the student, the 
smaller for details and modifications in the separate classes to which 
reference may need to be made. 

Considerable space has been given to the skull, as there is no 
feature of vertebrate anatomy which lends itself more readily to com- 
parative study of the greatest value to the beginning student, while 
the same specimens can be used in the laboratory year after year, 
The skuU also has a special interest since nowhere else is there the 
same chance of tracing modifications in all groups since the first ap- 
pearance of vertebrates on the earth. To aid in this, extinct as well 
as recent species have been included. 

It was the desire of the author to adopt the nomenclature of the 
German Anatomical Society (‘BNA’), but this was often found im- 
practicable. The BNA was based solely upon human anatomy and 
it fails utterly in many respects when the attempt is made to transfer 
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its terms to other groups. The single example of ‘transverse process’ 
is sufficient to illustrate this. To the writer another objection is that 
the BNA strives to do away with all personal names. These, it 
would seem, have a great value as they are indications of the history 
of anatomical discovery and memorials of the great anatomists of the 
past. Dorsal and ventral are used instead of the anterior and pos- 
terior of human anatomy, while anterior indicates toward the head, 
posterior toward the tail, these terms being readily applied to all 
vertebrates, man only excepted. Cephalad and caudad, adopted by 
some, lead to occasional peculiar phrases. The German word 
‘anlage’ has been adopted bodily, and seems to call for no defense. 
It implies the indifferent embryonic material from which a part or an 
organ develops. 

The illustrations have been drawn or redrawn expressly for this 
work. Some of them are original, some based on figures in special 
papers. Practically none have ever appeared in any text-book in the 
English language. In selecting the objects to be figured especial pains 
have been taken to avoid the forms usually studied in our laboratories, 
thus relieving the student of the temptation of copying the figure, 
instead of drawing from nature. Especial thanks are due to Pro- 
fessor C. F. W. McClure,. who allowed me to draw at will from the 
splendid collection which he has built up at Princeton. These 
figures are indicated by the word ‘Princeton’ followed by the number 
of the preparation in the museum of the University. 

Tutts CoiLEGE, Mass. 
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INTRODUCTION 

Any animal or any plant may be studied: from several different 
points of view, four of which are concerned in the, present voluine, 

' We may -study its structure, ascertaining the parts of which' it is' 
composed and the way in which these parts are related to each other. 
This is the field of Anatomy. If we go into the more minute struc- 
ture, for which the microscope has to be used, we are entering the 
special anatomical field of Histology. When two or more different 
animals are compared in points of structure, their resemblances and 
differences being traced, the study is called Comparative Anatomy, 
and it is only through such comparisons that we are able to arrive at 
the true meanings of structure. Then it is of interest to see the way 
in which the structure comes into existence in development from the 
comparatively simple egg from which it arises— the province of Em- 
bryology or Ontogeny. Anatomy and ontogeny together give us 
a knowledge of the form and how it has arisen, and they are frequently 
grouped as Morphology. But morphology merely deals with the 
parts of a machine and these are usually studied in the dead organ- 
ism; fully to appreciate the mechanism we should know how the 
parts and the whole perform their work, the study of function or 
Physiology. 

In view of the foregoing the present volume is to be regarded as 
rather a comparative morphology of vertebrates, with here and there 
hints at the physiological side. Farther, there is an adaptation of 
the organism to the conditions in which it has to live, and the inter- 
actions of this environment upon the animal have to be considered, 
at least to a slight extent. 

Zoologists divide all animals into two great groups, the Protozoa, 
in which the organism consists of a single cell, and the Metazoa, in 
which the body is composed of many cells, which vary according to 
the functions they have to perform. Of the Metazoa there are 
several divisions — Porifera (sponges),. Coelenterata' (sea: anemones, 
jelly fish), Echinoderma (starfish, sea urchins), Platodes (fiatworms), 
Rotifera, Ccelhelminthes, (ordinary worms), Mollusca, Arthropoda 
■■fefabsjrMsecis)'j'''ahd^'^^^ 
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The Chordata are bilaterally symmetrical animals with meta- 
meric bodies, which agree in several features not found in the other 
groups. These are (i) a central nervous system, entirely on one 
side of the digestive tract; (2) the presence of gill slits in the young 
if not in the adult; (3) an unsegmented axial rod, the notochord, 
between the digestive tract and the nervous system. All of these 
features will be described later. 

There are three or four divisions of Chordata, the uncertainty 
depending upon the position to be accorded the Enteropneusta. 
These are worm-like animals, occurring- in the sea and represented 
on our shores by Balanoglossus. What has been described as a 
notochord is a pocket from the digestive tract, lying in a curious 
proboscis above the mouth. 

The next division, the Tunicata, includes the (marine) ‘sea- 
squirts.’ They were long regarded as molluscs, but the discovery 
that the young have true gill slits, a nervous system on one side of 
the alimentary canal, and, above all, a notochord, placed them in 
the present association. Their young (larvse) are tadpole-like, the 
notochord is confined to the tail, but later the tadpole features are 
lost and with them the tail and notochord, and the adult is a sac-like 
animal with no resemblances to its former state, or to its allies. 

The third division, the Leptocardii, embraces Amphioxus and 
a few other marine, fish-like animals. They were long classed as 
fishes, but they are far more simple than any true fish. The body is 
markedly segmented, the gill slits are very numerous and the ex- 
cretory organs open separately to the exterior and are vermian in 
character. Stomach, vertebrae and heart are lacking and the 
brain and sense organs are very rudimentary, while jaws and paired 
appendages are absent. 

The last class, the Vertebrata, are most nearly related to the 
Leptocardii, but differ in many important respects. Thus there is 
always a skull and vertebral column; the brain is larger than the 
spinal cord; there are always nose, eyes and ears; a heart is present- 
and the excretory organs open into a common duct on either side, 
with an external opening near the anus. 

Most of the characteristics of a vertebrate may be seen from the 
accompanying diagram. ' The body is bilaterally symmetrical, wdth 
anterior and posterior .ends, -dorsal and ventral sides well differen- 
tiated, s There is no external segmentation, since the muscles are 

jdiridtljl^ bifefihe i^ih, blit a metameric arrafigement of 
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parts is noticeable in muscles, skeleton, nerves, blood-vessels, and, 
to a less extent, in the excretory organs. There is no cuticular 
skeleton, but the outer layer of the skin may be cornified or the deeper 
layer may give rise to ossifications (scales of fishes, etc.). 

: There is an internal axial skeleton, consisting of the notochord, 
around which are developed rings of denser material, constituting 
a backbone or vertebral column, while in front a skull encloses the 
brain and organs of special sense, and gives support to the primitive 
respiratory organs (gills) , which are always connected with the diges- 
tive tract. Typically there are two kinds of appendages, each with 
an internal skeleton. These are the unpaired or median fins, dorsal 
and ventral, which occur only in the Ichthyopsida, and the paired 
appendages, of which there are two pairs, anterior and posterior in 
position. 



Fig. I. — Diagram of a vertebrate, a, anus; brain; c, cosiom; da, dorsal aorta; d/, 
dorsal fin; g, gonad; gd, genital duct; A, heart; i, intestine; /^ liver; m, mouth; n nephridia; 
Oy oviduct; p, pancreas; pc, pericardium; ^/, pectoral fin; ph, pharynx, with gill clefts; s, 
stomach; spinal cord; 5^, spleen; u, ureter; m, ventral aorta; vc, vertebral column; 
vfj ventral fin. 

The central nervous system consists of brain and spinal cord which 
lie dorsal to the notoxhord, and are usually protected by arches aris- 
ing from the vertebrae and by the roof of the skull. Eyes and ears 
- are the highest of the sense organs. The alimentary canal always 
has a liver connected with it, and a portion of the canal just behind 
the mouth is developed into a pharynx, from which, in the young 
of all, gill clefts extend through to or toward the exterior. In the 
terrestrial vertebrates these gill clefts are later replaced by lungs 
which develop from the hinder part of the pharyngeal region. 

The blood, which always contains two kinds of corpuscles, flows 
through a closed system of vessels. A heart, ventral to the digestive 
tract and lying in a special cavity, the pericardium, is always present. 
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The heart consists of two successive chambers, an auricle (atrium) 
and a ventricle, and in forms which respire by means of gills, con- 
tains only venous blood. With aerial respiration both chambers 
may become divided into arterial and venous halves. A dorsal 
aorta, lying above the alimentary canal, is always present. 

The sexes are usually separate. The reproductive and excretory 
systems are closely related, giving rise to a urogenital system. The 
excretory ducts usually carry off the reproductive products (eggs and 
sperm). The urogenital ducts empty near the anus. Reproduction 
is strictly sexual; parthenogenesis and reproduction by budding do 
not occur and alternation of generations is unknown. The viscera 
are enclosed in a large body cavity (coelom) which in the adult does 
not extend into the head. Each viscus is supported by a fold (mesen- 
tery) of the lining membrane of the cavity. 

For details of the classification of veftebrates reference must be 
made to special text-books of zoology, but as some of the larger groups 
must be referred to frequently, these, with a slight definition and 
one or two examples, are given here. 

Series I. CYCLOSTOMATA 

These are eel-like in form, breathe by gills, have but one nostril, 
a circular mouth, incapable of closing, for no jaws are present 
The skeleton is poorly developed and there are no paired appendages. 

Class I. Marsipobranchii 

Characters as above. 


Sub-class I. Petromyzontes {Hyperoartia) 

Well-developed dorsal fin; naro-hypophysial duct on top of head; 
seven gill openings on either side.— Lampreys. 

Sub-class II. Myxinoidei {Hyper otretia) 

Dorsal fin small or absent; naro-hypophysial duct at tip of snout; 
either a single external gill opening on either side, or from six to 

of appendag^, paired hpstrils, true jaws and a well-developed skeleton. 
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Grade L 'Ichthyopsida (Anamnia);, : 

Fisli-like; breathe, at least while young,' by gills, have paired ap- : 
pendages, in the; shape of legs or fins. In . development those struc-: 
tures to be described later as amnion and allantois are ''never' formed. ; 


Class I. Pisces 

Fishes respire permanently by gills developed' in gill slits in the 
sides of the pharynx, have median and paired fins unless the latter 'be, 
lost by degeneration. 

Sub-class /. Elasmobranchii 

Fishes with cartilaginous skeleton, mouth usually on the lower 
side of the head, the gills usually opening separately on the neck or 
(skates) on the lower surface, and the tail with the upper lobe the 
larger (heterocercal). Sharks and skates. The Holocephali differ 
in having the gill slits covered with a fold of skin, so that but a single 
external opening appears. 

Sub-class II. Ganoidea 

Intermediate between elasmobranchs and teleosts.— Garpike, 
s.turgeon.' 

Sub-class IIL Teleostei 

Fishes with bony skeleton, mouth with true jaws at the tip of the 
snout, gill openings concealed by an operculum or gill-cover supported 
by bone. Tail with upper and lower lobes equal. — All common 
fishes. 

Sub-class IF. Dipnoi 

The lung fishes are tropical forms in which the air bladder func- 
tions as a lung, nostrils open into mouth, the gill openings are covered 
with an operculum, and the tail is very primitive (diphycercal). 


Class 11. Amphibia 

Ichthyopsida with legs replacing the paired fins, usually external 
gills in the young, lungs present and usually replacing the gills in the 
adult, nostrils connecting with the mouth. ^ 
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Sub-class I. Stegocephali 

Extinct amphibians with well-developed tail; the skull without 
gaps, except for eyes and nostrils, in the dorsal surface. 

Sub-class II. Urodela 

Amphibia with well-developed tail, gills sometimes retained 
through life.— Salamanders, Tritons, newts, efts. 


Sub-class III. Anura 

Tailless as adults, the young a tadpole with external gills.— Frogs 
and toads. 

Sub-class IV. Gymnophiona 

Blind, burrowing, legless amphibians occurring in the tropics. — 
CEecilians. 

Grade II. Amniota 


Vertebrates in which there are never fins, never functional gills, 
the respiration being by lungs. In development the embryo becomes 
covered by an embryonic envelope called the amnion, while a second 
outgrowth, the allantois, from the hinder end of the digestive tract 
is concerned in the embryonic respiration and nutrition. 


Class I. Sauropsida 

Body, at least in part, with scales, eggs large, lower jaw sus- 
pended from skull by a quadrate bone. 


Sub-class I. Reptilia 

Cold-blooded vertebrates, the whole body covered by scales or 
horny plates. The living forms are turtles, lizards, snakes and alli- 
gators (crocodiles) and a New' Zealand genus, Sphenodon. The 
fossil forms are more numerous and include Theromorphs, Plesio- 
saurs, Ichthyosaurs, Dinosaurs, and Pterodactyls. 

Sub-class II. Aves 

The birds are recognized by their warm blood and their feathers. 
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Class II, Mammalia 

The mammals are as sharply marked by their hair as' are the 
birds by their feathers, lower jaw suspended directly from the skuih 
They, have warm blood; except the monotremes they bring forth 
living young; the young of all are nourished by milk secreted by 
glands (mamma) in the mother. 

There are two other terms of convenience which may be^ defined 
here asThey will save much circumlocution. The term Teleostomes 
is applied to ganoids and teleosts, from the fact that they have true 
jaws. The amphibia and the amnio tes are frequently united as 
Tetrapoda, from their possessing feet, in contrast to the fishes with 
fins. 

The geological history of these groups is important; their first 
appearance and their geological range is indicated in the accompany- 
ing table of the geological periods (p. 8). 

INTRODUCTORY EMBRYOLOGY 

The structure of an adult vertebrate can be fully appreciated and 
the bearing of the facts recognized only by a knowledge of the develop- 
ment of the parts concerned. It 
would often appear, for example, 
that certain organs in different 
groups were exact equivalents of 
each other — duplicates in function 
and details of structure— while a 
knowledge of their development 
may show that they have had en- 
tirely different origins and differ- 
ent histories, and hence cannot 
be identical; they are examples of 
what . has been 'called convergent evolution. ' Such cases are' apt; 
to lead; one -astray' as to the relations oi the' forms in which filiey' 
occur. .'Farther, the development affords a framework 'around which, 
the details of organization may be arranged in a logical manner, 
thus aiding in their remembrance. For these reasons the following 
pages are based on embryology .Not only ' are the histories , of the 
separate ; organs trace an .account is given of the adult con-; 

ditions but. this introductory, chapter-, gives in the' most generalized' 
form the earlier stages before the organs are outlined. 



Fig, 2.— Successive stages in the seg- 
mentation of an amphibian egg. 1-6, 
Results of the corresponding cleavage 
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Ostracoderms 

Palaeospondylus 


Elasniobranclis 


Artkrodira 

Dipnoi 

Stegocephals 

Gymnophiona 

Urodela 

Anura 

Theromorphs 

Plesiosaurs 

Chelonia 

Ichthyosaurs 

Rhynchocephals 

Dinosaurs 

Squamata 

Crocodiles 

Pterodactyls 

Birds 


Monotremes 

Marsupials 

Edentata 


Insectivores 

Chiroptera 

Rodentia 


Ungulata 

Sirenia 


Tabie showing the geological distribution of the various groups of vertebrates. 
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The enormously complicated body of every vertebrate is derived 
from a comparatively simple specialized cell, the egg or ovum. 
This ovum must be fertilized by a still more specialized cell, the 
spermatozoon, derived from the male. After this fertilization the 
egg goes through an orderly but very gradual series of changes which 
bring it continually nearer the adult condition. The phases of this 
differ with different animals; here only a generalized account will 
be given, which is subject to modifications in the several groups, 
for an account of which reference must be had to embryological 
text-books. 

The Segmentation of the Egg. — The first steps of the process are 
the segmentation or cleavage of the egg, in which it divides again and 



Fig. 3. — Diagram of a typical 
blastuia with central segmentation 
cavity. 


Fig. 4. — Diagram of a gastruia, 
archenteron; blastopore; ec, ecto- 
derm; eUf entoderm; sc^ segmentation 
cavity. 


again, until the single-celled egg is converted into a large number of 
cells or blastomeres (fig. 2). The character of this segmentation is 
modified accordingly as the egg is large or small^as it contains vary- 
ing amounts of nourishment — deutoplasm or food yolk stored up for 
the growing embryo. These same variations also affect the later 
stages of development; the description given here follows the simplest 
^conditions. : : • : \ ' 

As a result of segmentation the egg is converted into a spheriGal 
mass of cells in which a cavity appears, called the segmentation 
cavity because it is formed during- segmentation. It also has the 
name archicoele 'as it is the first or oldest space to appear in the em- 
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bryo. This stage of the embryo is called the blastula (fig. 3). 
Its cells at first show but little differentiation except in size. Next 
follow processes which are to differentiate the cells into layers; charac- 
terized by both position and fate. 

Gastrulation.— In the simplest form this differentiation is brought 
about by an inversion of one-half of the blastula into the other, thus 
more or less completely obliterating the segmentation cavity, much as 
one may push one side of a rubber ball into the other, forming a 
double-walled cup (fig. 4). This stage is called the gastrula, and 
the process of inpushing is invagination. With this the first appear- 
ance of tlie structures of the adult is seen. The outer wall of the cup 
is turned to the external world and thus acts as a skin for the embryo. 
This layer is called the ectoderm. The opening or mouth into the 
cup is the blastopore. The inside of the cup is well fitted for the 
digestion of food as it can be held together there and the digestive 
fluids are less liable to waste. Hence the cavity is called the archen- 
teron (primitive stomach), and the layer of cells which line it is the 
entoderm. That these comparisons are more than analogies of 
position is shown by their fates; the ectoderm forming part of the 
skin of the adult, the entoderm the lining of the digestive tract. Be- 
tween ectoderm and entoderm are the remains of the segmentation 
cavity, filled with an albuminous fluid. 

Closure of the Blastopore. — Next, the blastopore closes, the proc- 
ess beginning at what will be the head end of the embryo and pro- 
ceeding gradually backward. Usually the closure is complete, but 
occasionally the hinder part remains open and forms the anus. 
Where it closes completely the vent is subsequently formed in the 
line of closure. This union of the two lips of the blastopore in clos- 
ing marks the middle line of the back of the future animal, and’ is 
called at first the primitive groove, the region on either side of it being 
known as the primitive streak, terms of importance in understanding 
the gastrulation of the higher vertebrates. 

Mesoderm. — With the closure of the blastopore the embryo elon- 
gates and the archenteron is converted into a tube. Next, from the 
entodermal layer in the region of closure, a fold of cells grows in 
on either side between ectoderm and entoderm, thus farther encroach- 
ing on the segmentation cavity. These ceils form the middle 
layer or mesoderm. Inside this fold is a space, connected at first 
with the archenteron (fig. 5), but soon the cavity of each side is cut 
off by a growing together of the opening into the archenteron and is 
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bencefortli known as a ccbIohi^ or body cavity (fi.g. .6). Eacb, oceIo- 
mic space has two walls, one toward the ectoderm, the^ somatic layer*, 
the one* toward the, entoderm being the splanchnic layer (figs.;. 5 
and'. 6 , so^ sp). ., 

(The mesoderm arising in this way. and bounding the coeiom is 
called mesotheliiim to distinguish it from another kind— the mesen- 
.chyme— which also comes to lie in 'the segmentation cavity. This 
mesenchyme arises as separate cells, coming largely from the , meso» 
theliiim, and to a less extent from , the entoderm (see p. 20) Probably 
some arises from the ectoderm. 


v Fig. 5. Fig. 6. 

^ Fig. 5.— Stereogram of the anterior end of a developing amphibian, showing the out- 
lining of the mesothelium, nervous system and notochord, a, anterior end; ar^ archen 
teron; i;, coelom; ch^ notochordal cells; ec, ectoderm; mesodermal pouch; primi- 
tive groove; npf neural plate; neural folds; segmenfation cavity; somatic wall 
of coelom; sp^ splanchnic wall of coelom. 

Fig. 6. --Stereogram of the anterior end of a vertebrate, showing the relation of the 
coelomic pouches; c, coelom; digestive tract; e, ectoderm; nc^ nervous system; 
notochord; sc, segmentation cavity; somatic and 5-^, splanchnic walls. 

The Germ Layers.— Ectoderm, entoderm and the two types of 
mesoderm are called the germ layers, because in the animals first 
studied they were arranged like layers one on the other. Each plays 
its part in the formation of the adult and gives rise to its peculiar 
structures. 

The ectoderm forms the outer layer of the skin, hair, claws, fea- 
thers, the outer layer of scales, enamel of teeth, and the essential or 
characteristic part of ail sensory and nervous structures. 

The entoderm gives rise to the lining of -the digestive tract, and 
the various outgrowths — gill-clefts, lungs, liver, pancreas, etc. — con- 
nected with it. The notochord is also entodermal and possibly the 
lining of the blood-vessels is derived from this layer. 

^ A coslom formed in this way is an enteroccele. Usually the ccelomic 'walls arise 
as a solid mass of cells from the corresponding region, which later splits internally, 
forming a schizocoele. The two are readily compared. 
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The mesothelium produces the lining of the ccelomic cavities 
—pericardial, pleural, peritoneal— the reproductive and excretory 
organs and the voluntary rnuscles and those of the heart. 

The mesenchyme develops the deeper layer of the skin (corium) 
and of scales, the dentine of teeth, involuntary muscles (except those 
of the heart) connective tissue, ligaments, cartilage, bone, and the 
corpuscles of blood and lymph. 

In the development of the embryo several processes of differen- 
tiation occur simultaneously, but in the written account one has to- 
follow another. Hence it must be understood that the modifications 
described here may be taking place at the same time. 

The Central Nervous System. — During the closure of the blasto- 
pore the ectoderm in front and to either side of the blastoporal lips 
becomes thickened, the cells elongating at right angles to the surface 
and becoming cylindrical or fusiform. These cells form the neural or 
meduUary plate (fig. s, np), sharply marked off from the surrounding 
cells, which are more flattened, and which eventually are concerned 
in the formation of the outer layer (epidermis) of the skin. The 
neural plate is to develop into the brain and the spinal cord, and it is 
to be noted that later it extends around the hinder end of the blasto- 
pore. After it is outlined the plate is rolled into a tube, its front end 
and lateral margins rising up, forming neural folds {nr), between 
which is the medullary groove (wg). Eventually the folds meet and 
fuse above, so that a tube results (fig. 6, nc), the cavity of which 
persists throughout life as the cavities (ventricles) of the brain and 
the central canal of the spinal cord. From the cells of the walls of 
the canal the nervous tissue arises. 

This process of infolding progresses from in front backward. For 
a time, in some vertebrates, a small opening, the anterior neuropore, 
persists at the anterior end. The infolding extends back to the poste- 
rior end of the neural plate so that, as will readily be understood, the 
whole limits of the blastopore are included in the floor of the neural 
canal. Occasionally the closure of the neural folds is completed 
before that of the blastopore so that for a short time a short tube, the 
neurenteric canal (fig. 7), connects the archenteron with the neural 
canal. Soon after the closure of the neural tube the fused tissue 
splits horizontally, separating the nervous system from the rest of 
the ectoderm. Its subsequent history will be traced in the section 
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The Notochord.— -Immediately beneath the neural plate is an 



axial strip of entoderm^ (fig. 5, cA), bounded on either side by the 
outgrowing mesothelium. When the latter separates (p. lo) this 
band is momentarily rejoined to the rest of the entoderm but is still 
recognizable from, its different cells. It soon rails into a rod (a tube 
in some amphibians and birds), is cut off from the rest (fig. 6, n) and 
lies between the digestive tract and the nervous system where it 
forms an axis around which the skull and vertebral column develop 
later. 

The Digestive Tract.— After the separation of the notochord, the 
entoderm forms a tube, closed in front and usually behind as well. 
The anterior end of the tube 

abuts against the ectoderm of ^ 1 '—^' 1 : 

the ventral side of the embryo. ^ 

Later the ectoderm grows in at n'' 

the point of contact, carrying the ■ 

entoderm before it and forming 

a pocket, the stomodeum, which 

gives rise to the cavity of the ' n 1 

mouth (fig. 226, oc). (In some o, . . . , ^ 

, j 1* j.i ‘ Fig. 7. — Schematic section of the iinder 

til6 StOlllOdCEl ingrowtil is at nrst end of an ampMbian embryo, showing the 

»Ud, the pocket betas temed S“” 

later by splitting.) Eventually notochord; ne, neurenteric canal; nt, neural 
1 j 1 j' tube; proctodeum; pa. post-anai gut; 

the ectoderm and entoderm fuse y, yoikf 
at the bottom of the cup, and 

then the fused area breaks through, placing the archenteron in con- 
nexion with the exterior, A similar, but less well-defined procto- 
deum (fig. 7, p) arises at the hinder end of the digestive tract. 
Thus the anterior and posterior ends of the alimentary canal are 
ectodermal, the middle region entodermal, in origin. 

Metamerism —In the adult, various parts, essentially like each 
other, are repeated one after another— are metameric. The list 
includes, among others, muscles, nerves, blood-vessels, vertebrae, 
ribs, etc. There is much evidence to show that metamerism had 
its origin in the mesothelial structures and has been secondarily 
impressed on- other systems., v.-' 

^ The statement is made that in some groups the notochord arises from another 
germ layer than the entoderm, but these statements apparently rest on erroneous 
observations or interpretations. Different origins in different vertebrates would tend 
to show that what are called notochords are not homologous structures. 
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The mesothelial coelomic pouches, as left above, are near the 
dorsal side of the embryo. With growth they gradually extend, 
downward on either side and tend to enclose the whole archenteron, 
and upward on either side of the notochord and spinal cord (fig. 
8) . The fates of the different parts of the mesothelial walls warrants 
the recognition of three horizontal regions or zones in the walls of 
each coelom. These are a dorsal muscle-plate zone (epimere, e?»), 
a lower or lateral-plate zone (hypomere, Inn), and a middle-plate 
zone (mesomere, mm) between them. All three of these occur in 


Fig. 8, — Stereogram of a later stage than fig. 6, showing the segmentation of the 
mesotheiium. The approach of the walls of the coelom (c), dorsal and ventral to the 
alimentary canal, to form the mesenteries is shown, al^ alimentary canal; c, ca;lom; 
m, epimere; fb, fore-brain; hhy hind-brain; hm, hypomere; m, myotome; mh^ mid-brain; 
mm, mesomere; ‘me, metaccele; myc, myocoele; n, nervous system; nc, notochord; s, 
stomodeal region; sk, sclerotome; so, sp, somatic and splanchnic walls of coelom. (In 
many vertebrates the sclerotome extends upward to the lower part of m,) 


the trunk, but only the epimere is well developed in the anterior part 
of the head. 

A series of vertical incisions, beginning on the dorsal margin 
of each coelomic pouch, cut down through epimere and mesomere 
(fig. 8) so that the whole may be compared to a glove with many 
fingers, each finger being hollow and all of the cavities connecting 
with that of the hypomere (palm). This segmentation process 
begins in front and gradually extends backward. Next, the dorsal 
(epimeral) part of each of the fingers is cut from the rest, thus form- 
ing a series of hollow cubes known as myotomes, each with a part of 
the coelom, the myocoele, in its interior. Viewed from above, these 
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myotomes appear as square boxes, and early students, thinking that 
they gave rise to the vertebrae, called them protovertebrae, a term 
still in use to some extent. 

After separation from the rest of the mesotlielium each myotome 
grows dorsally along the side of the spinal cord, and to a greater 
extent ventrally, insinuating itself between the ectoderm and the 
somatic wall of the h5^omere (fig. g, in the direction of the arrows). 



Fig. 9. — Diagrammatic transverse section of a vertebrate to Hiustrate mesenteries, 
omentum and downward growth of the myotomes. a/, alimentary tract; ao, aorta; c, 
coelom; ectoderm; dorsal mesentery; wy, myotome; notochord; nepk^ 

nephrotome; 0, omentum; re, spinal cord; so, somatic and splanchnic layers of 
mesothelium; .mss, ventral mesentery., 

Each myotome has a somatic and a splanchnic wall. Later the 
somatic wall breaks up, its cells spreading beneath the ectoderm and 
fur n is hin g the mesoderm immediately beneath the ectoderm (epi- 
dermis). The upper part of the splanchnic wall is gradually trans- 
formed into the body (somatic) musculature, while the ventral por- 
tion usually buds cells which take part in the formation of the axial 
skeletal tissue (fig. 8, 5^) . 

The mesomeral (middle plate) part of the fingers is largely con- 
cerned in the formation of the excretory (nephridial) system, but 
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from tbe splanchiiic wall cells are budded, which, like those from 
the myotomes, form part of the skeletogenous tissue. Since both 
the excretory portions of the middle plate and the skeletogenous 
parts of both myotome and middle plate are metameric in origin 
and retain their metamerism for some time, they are called respect- 
ively nephrotomes (fig. 9, nepK) and sclerotomes (fig. 8, sk), the 
cavities in the nephrotomes being the nephrocceles. The history 
of the skeletal and excretory systems will be given later. 

The Ccelomic Cavities. — ^As has been described above, the coelom 
in each mesothelial pouch becomes divided into a series of myocoeles 
and nephrocceles, connected with a larger cavity, the metacoele, 
in the hypomeral or lateral-plate region. With the separation of 
the myotomes the myocoeles lose their connexion with the other 
cavities, and when the somatic walls of the myotomes break up 
into mesenchyme, these cavities are lost. The nephrocceles form 
the cavities in the tubules of the excretory system, and in the lower 
vertebrates these never separate from the metacoele, but open- 
ings, the nephrostomes, connect the tubules with the larger cavity. 
The history and modifications of these are traced in the section on 
the excretory organs. 

The metaccele is at first undivided and the cavities of the two 
sides are distinct. With increasing age the h 3 rpomeres of the two 
sides gradually extend downward between ectoderm and entoderm 
until their lower margins meet, ventral to the digesive tract. In 
this way the latter becomes surrounded by a pair of metacoelic 
cavities. Each cavity is bounded by epithelium, the tunica serosa, 
the outer or somatic portion of which is turned toward the ectoderm 
while the splanchnic portion adjoins the entoderm of the digestive 
tract. Later, when the myotomes extend into this region (fig. lo) 
they, with the invading mesenchyme, unite the ectoderm and somatic 
serosa into the thick outer body wall, the somatopleure, while a 
similar migration of mesenchyme between serosa and entoderm unites 
these into the wall of the alimentary canal, the splandmopleure. 

Mesenteries. — ^As has just been stated, the ventral margins of the 
two ccelomic pouches meet below the digestive tract, thus forming a 
double membrane running lengthwise of the body and binding the 
alimentary canal to the ventral body wall. This is the ventral 
mesentery (fig. gyvmes). At the same time the splanchnic walls of 
the two cavities meet just above the entoderm and between it and 
the notochord, forming a dorsal mesentery which ties the digestive 
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tract to the dorsal region of the body .(fig- .g, dmes), With iarther: 
development mesenchyme, grows in between the two serosaF walls, of; 
the dorsal mesentery/ uniting them, and forming a tissue through 
which , blood- vessels^ lymphatics and nerves reach the digestive tract. 
,In many vertebrates the dorsal mesentery persists' throughout life^ 
but in some it becomes reduced, persisting chiefly in those places 
where the vessels' extend to the alimentary canal. The ventral 
mesentery, on the other hand, almost entirely disappears (fig. 10), 
the parts persisting being recognized as mesenterial in origin only by 
following their development. With the breaking down of the ventral 
mesentery the metacceles of the two sides are in open communication 
with each other and form the well-known ^body cavity’ of the adult. 



Fig. 10. — Diagrammatic section of a vertebrate to show the relation of the^body 
walls, etc., aVj aorta; c, coelom; e, ectoderm; epaxiai muscies;^g, gonads; ha, haemal 
rib; hp, hypaxial ^muscles; i, intestine; mes, mesentery; n, nephridium; a, omentum; f, 
rib; pj somatopleure; sp, splanchnopleure; Vj vertebra. 

For convenience of description different parts of the mesenteries have re- 
ceived special names according to the organs supported. The persisting remnant 
of the ventral mesentery occurs in the region of the liver where it is called the 
mesohepar, and in the ichthyopsida it may carry blood-vessels from the body 
wall to that organ. In the dorsal mesentery the regions are the mesogaster, 
mesentery proper, mesocolon, mesorectum, etc., accordingly as they support 
the stomach, intestine, colon, rectum and the like. 

In all vertebrates except the cyclostomes the alimentary canal is bent on 
itself and the folds are connected with each other by portions of the serosa, and 
these mesenterial-like structures are called omenta (fig. 10, 0). There may be 
several of these omenta, their names usually indicating the parts of the digestive 
4 tract which they connect. . Thus the gastrohepalic omentum connects stomach 
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and liyer. Then there are also gastrosplenic, duodeno-hepatic omenta, the 
positions of which are readily understood. The mammals have a great omen- 
tum, a double fold of mesogaster and mesocolon which connects stomach and 
colon and forms a large sac, the bursa omentalis, the cavity of which is connected 
with the rest of the body cavity by a small opening (foramen epiploicum or 
foramen of Winslow) near the hinder end of the liver. 

Frequently the reproductive glands (gonads) project so far into the body 
cavity that the serosa meets behind them, forming supports for them similar to 
mesenteries. These are called mesorchia for the testes, mesoaria ormesovaria 
for the ovaries. 

In the early embryo the metacoeles extend as well-developed 
cavities from just behind the head back to the anus. Each is soon 
divided by a cross partition, the septum transversum, into a smaller 
anterior cavity, the pericardium, which surrounds the heart, and a 
larger splanchnoccele or body cavi^ which includes the rest of the. 
viscera. The method of the formation of the septum transversum 
is described in connexion with the heart (p. 307), but here it may be 
stated that, just in front of the liver a pair of blood-vessels, the 
Cuvierian ducts, enter the heart from the sides. These arise in 
the somatopleure and as they increase in diameter, they project into 
the coelom, carrying the somatic serosa before them. The fold thus 
produced is the septum transversum which is attached to the front 
margin of the liver. In many lower vertebrates {e.g., elasmobranchs) 
this septum is not complete, failing to reach the other (splanchnic) 
wall, thus leaving one or more openings — ^pericardio-peritoneal 
canals — connecting the pericardium with the body cavity. In the 
higher vertebrates the closure is complete. 

In the formation of the pericardial cavity double serosal mem- 
branes (mesocardia) are formed which are similar to the mesenteries 
in origin and structure (see fig. 333). These are temporary and in all 
vertebrates disappear in the earlier stages of development. 

In all the lung-bearing vertebrates except the mammals, the lungs 
are suspended in the general body cavity (splanchnoccele), but in the 
latter group a second partition, the diaphragm, cuts off a pair of 
pleural cavities from the rest of the splanchnoccele which is now 
called the peritoneal cavity. Traces of structures similar to the 
diaphragm, as indicated by nerve supply, etc., occur in vertebrates 
as low as the amphibia, but their exact homology is imcertain. The 
development of the mammalian diaphragm is a complicated process 
and is stated here only in outline. It involves a part of the septum 
transversum, but is largely a new formation. At first a part of the 
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spIanGlinocoele extends .forward, dorsal to the pericard.itini and into 
this .recess the lungs extend. . Then a pair of folds /grow neutrally 
from the dorsal wall of the body cavity until they .meet the septum 
transversum, thus cutting off a pair of pleural cavities containing the 
lungs from the rest of the splanchnocoele (fig. . As the lungs 

increase in size, the pleural cavities extend, at first lateral to the 
pericardium, and later, ventral to it, until at last the pleural cavities 
of the two sides are separated ventrally by their two walls' which form, 
a mesenteriaI 4 ike membrane, ' the mediastinuin. The diaphragm 
undergoes several shif tings of position before reaching its final, place. 
The 'dorsal parts of' the diaphragmatic muscles are derived from the 
original folds, the ventral come from the rectus abdominis muscle' of 
the ventral abdominal wall. 

The tunica serosa lining the various divisions of the coelom has special names 
in each. The pericardial and pleural cavities are lined with pericarditnn and 



Fig. II. — ^Diagram showing the relations of the coelomic cavities (black) in .4 /fishes 
amphibians and sauropsida; and C, in mammals; h, liver; P, lungs, in C in pleura 
coelom; 5, septum transversum; diaphragm. ' 

pleura respectively/ that part of the pericardial serosa covering the heart itself 
being frequently called the epicarditim. The body or peritoneal cavity is lined 
with peritonetmi which extends over the mesenteries, the digestive tract and the 
^ excretory and ' reproductive organs. 

The body cavity is not always completely cut off from the external 
' ; ; world. : thc uruiary ducts which lead to the 

' -exterior frequently .open into the. body .eavity by . the nephrostomes 
(fig.' 12), and, in the females of all vertebrates with true' oviducts, 
including the mammals, these tubes , connect - the peritoneal .cavity 
with the outer world. Many fishes have, short tubes (pori abdom-- 
inales) leading from the body cavity to the exterior, opening near the 
vent. These abdominal pores occur in cyclostomes,. many elasmo- 
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branchs and teleosts, ganoids and dipnoi. None are known in am- 
phibia, birds or mammals, but in crocodiles and turtles so-called peri- 
toneal canals occur, usually ending blindly in turtles but emptying 
into the cloaca in the crocodilians. These may be homologous with 
the abdominal pores, but this can be decided only by a study of the 
development. In some fishes the abdominal pores serve for the 
escape of the eggs and spermatozoa; in other animals their function 
is uncertain. 

Mesenchyme. — The principal places where the mesenchyme 
arises have been alluded to incidentally in the foregoing pages. 
These statements may be brought together here. A part is derived 
from the splanchnic walls of the mesomere and from the ventral part 
of the myo tomes, each of which is a centre of rapid cell proliferation, 



Fig. 12. — Diagram, of possible connexions of coelom with the exterior, modified 
from Bles. c, coelom; cl^ cloaca; glomerulus of kidney; i, intestine; nephrostome; 
pa, porus abdominalis. 

the resulting cells passing toward the median plane of the body. 
From the method of formation from segmented structures, these 
bodies of mesenchyme are at first metameric, and since in part, they 
give rise to the axial skeleton, the separate portions are called 
sclerotomes. This mesenchyme extends dorsally beside the cen- 
tral nervous system and notochord, and ventrally on either side of 
the axial blood-vessels and the alimentary canal, thus forming a 
partition between the two sides of the body (fig. 33). 

A second source of mesench3mie is found in the breaking up of the 
somatic walls of the myotomes, all of the cells of which are trans- 
formed into this tissue and come to lie immediately beneath the ecto- 
derm, formmg a complete layer of mesenchyme around the whole 
body. There is also a probability that some mesenchymatous ceils 
are budded from the entoderm of the archenteron, but it is uncertain 
whether the ectoderm contributes to the layer, farther than by the de- 
generation and metamorphosis of some transient nervous structures. 
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' From' these sources the^' mesenchyme extends everywhere;:: in.^' the , 
.remains of the, segmentation cavity, surrounding the other layers .and ■ 
intruding between the, muscles and around the various , viscera,:;' 
forming. a framework in which the products; of all the other' layers, .are'; 
enveloped (fig. 33). This mesenchymatous framework has; great 
importance' in the development of the skeleton and, its, general plan,, 
will be, described in connexion with the skeletal structures. 

HISTOLOGY " 

In the gastrula the cells differ from each other chiefly in position, 
and the same is true, even when the germ layers are first differentiated. 
As development goes on the differences between the various groups of 
cells increase, each group becoming more specialized for some one 
purpose and losing the power to do more than the one kind of work. 
For community of work cells of the same kind become associated to- 
gether, the result being tissues. A tissue, then, is a connected mass 
of cells similar in appearance and function, together with a varying 
amount of intercellular substance, usually formed by the cells them- 
selves. The study of the minute structure of animals and especially 
of the tissues is the province of histology. 

There are many kinds of tissues, only a few of which need mention 
here, but all may be grouped under four great heads: epithelial, 
nervous, muscular and connective tissues; the members of each group 
having certain fundamental points in common. 

Epithelial Tissues 

Epithelia are the covering tissues, and occur on any free surface, 
internal or external, of the body. Both comparative anatomy and 
embryology show them to be the primitive tissues, for there are many 
lower animals which are made up entirely of epithelia, while in the 
vertebrates the embryo consists solely of epithelia until the mesen- 
chyme appears. Epithelia may come from any of the germ layers, 
in rare cases (synovial cavities) even from mesenchyme. 

The character of epithelium varies according to the nature of 
the work it has to perform. That on the outside of the body is largely 
protective, hence it is often thickened and strengthened in different 
ways to afford resistance against external injuries. In other places, 
as glands, it has to elaborate and to allow the passage outward of 
material from within. In the body cavity and in the blood-vessels 
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it has merely to form the thinnest of coverings, while in the case of 
sensory structures it is modified (sensory epithelium) to receive the 
stimuli from without. 

The usual classification of epithelia is based on the shapes and 
arrangements of the cells. Thus in cubical epithelium (fig. 13, 




Fig. 13. — Epithelia: A, cubical; B, squamous; C, cylindrical; P, stratified cylindrical 
ciliated at E; F, stratified squamous. The deeper tissues indicated by oblique lines. 

the cells are about as high as broad; in columnar (C) their height 
exceeds their diameter; while in squamous epithelium, the cells are 
thin and flat, covering the largest amount of surface with the least 
amount of material (B). Sometimes the epithelial cells are in a 




Fig. 14.— Different tj-pes of glands; A, to D, tubular; JS, F, acinous; A, simple; B, 

coiled; C-F, branched. 

single layer, forming simple epithelium (A, B, C); in other places 
there are several layers— the epithelium is stratified (Z>, E, F). 

Frequently epithelia, usually the columnar variety, are called 
upon to move fluids slowly; then the free surface is covered with 
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minute vibratile hairs or cilia (£) which create currents. 'In glandii-' 
lar .epithelium; the cells, usually cubical or columnar, are specialized: 
for the elaboration of secretions to be used by the animal or' of waste'' 
products (excretions) to be voided from the body. ' 

Glands. — The chief kinds of glands may be mentioned here. .All have for; 
their function the extraction and elaboration of certain products from the, blood,.' 
consequently they have a good blood supply. Glands may bC' unicellular' or 
multicellular according as they consist of isolated cells or of man}* cells. In uni- 
cellular glands (abundant in the digestive tract) each cell passes its own secretion 
directiy to the place where it is to be used or excreted (fig. 22, u). 

Multicellular glands occur where a large amount of secretion is necessary in a 
limited space, hence they are not on the surface but at some deeper point, and 
their product is conveyed to the desired place by a duct. Multicellular glands 
are of two structural kinds. In the tubular gland the whole is approximately of 
the same diameter throughout, with little differentiation of gland and duct. It 
may be simple (A) or coiled ( 5 ) or branched (C, Z>), these modifications serving 
to increase the secreting surface. In acinous glands {D, E) there is a marked 
difference between gland and duct, the glandular part forming an enlargement 
(acinus) on the end of the duct. Both simple and compound acinous glands 
are common. 

Still another type of gland, the ductless or 'internal secretion’ gland, occurs. 
In this there is no duct, the secretion elaborated by the ceUs passing by osmose 
into the blood-vessels. These secretions, collectively known as hormones, have 
recently acquired great prominence from their influence on different organs. 

Nervous Tissues 

Nervous tissue has for its function the correlation of the animal 
with its environment. In order to accomplish this it must provide 
for the recognition of stimuli from without, the inauguration of 
other impulses within itself and the transfer of both to other parts. 
The essential constituent of the tissue is the nerve cell, ganglion cell 
or neuron, to which are added others of a supportive (glia cells) or 
nutritive character. As the parts to be connected by the nervous 
tissues are often remote from each other the neuron is not compact 
like most other cells, but gives off long processes from the central 
mass, these processes differing in their terminations. Some end in 
places where they can only receive stimuli, others where the stimuli 
can only cause parts to act. Thus the processes are physiologically 
divisible into afferent and efferent parts, the body of the cell being, 
besides a place for the regulation of the nutrition of the neuron, the 
possible locality for the regulation and correlation of impulses, and 
in many cells, for the inauguration of new impulses. 
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A nerve cell (fig. 15) is uni-, bi- or multipolar accordingly as it 
has one, two or more processes. In unipolar cells (C) the single ; 

process sooner or later divides, so that the cell in reality is at least I 

bipolar. . At either end the processes may break iip into minute i 

twigs, or at one end may terminate, as in muscles and sensory 
structures, in special end organs. Apparently the impulse enters 
the cell at one side by one or several processes, and is carried out by a ;; 
single process. Thus there are to be recognized afferent and efferent 
processes. The efferent process is the axon (axis cylinder), or 
neurite. When the axon breaks up into twigs, these are called 
telodendra, similar twigs on the afferent sides being dendrites ' 
(fig. IS, A,t and d). 

All parts of the neuron proper — cell bodies and processes— are 
.gray in color, but usually the processes are surrounded by a medullary 
sheath {m) of a peculiar white substance (myelin) rich in fat, which 



Fig. 15. — Various kinds of nerve cells. A, multipolar cells; portion of nerve 
fibre with sheaths; C, unipolar cell; D, pyramidal ceil; a, axon; c, collateral; d, dendrites, 
cb^ cell body; '/??, medullary sheath; w, nucleus of cell of Schwann’s sheath ; f, node of 
Ranvier; sheath of Schwann; telodendron. 

apparently acts in part as an insulator, preventing nervous impulses 
from passing from one axon to another. It is also nutritive in char- 
acter. This sheath does not continue over the dendrites. Fre- 
quently the dendrites of two neurons interlace for the transference of 
stimuli from one to the other, but the present opinion is that, at least ; 
in vertebrates, there is no actual continuity of substance between 
neurons, only an interlacing (synapse) of terminal twigs. To this 
statement an exception is apparently to be made in parts of the 
sympathetic system where in the walls of the smallest blood vessels 
and of the small intestine there are networks of nerve processes 
in protoplasmic continuity (plexus of Meissner and that of Auer- 
bach) . The medullary sheath is not cellular, but frequently fibres 
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may .be/' surrounded by a, sheath of Schwaim (s),.. with scattered 
nuclei.' / This has been ' regarded as mesenchymatous,. but recent' 
researches tend to show that it is ectodermal,, .its cells .coming from 
the early nervous system. 

Nervous tissue consists of these neurons plus connective tissue and 
glia. cells. . ■. Most nerves, as found in dissection, 'co.nsist of numbers' of: 
afferent or . efferent fibres, bound together' by a ■ connective .tissue... 
envelope,. the perineiiritimt The myelin gives most nerves a w,liite 
color, '.except in the gray ramus' of the sympathetic system (fig. .19,9) 
where the fibres lack a medullary sheath. In the brain and spinal 
cord there are tracts of medullated fibres (white matter) while 
the parts with abundant nerve cells are gray. When such nerve 
cells are aggregated in the course of a nerve, it causes an enlargement 
called a ganglion. Interlacing among the neurons in brain and 
spinal cord is the neuroglia, which is also derived from the ectoderm, 
and acts as a support, but has no nervous functions. Certain 
of these glia cells develop many branches (mossy cells) which twine 
among nerve cells, axons, and dendrites. 

Muscular Tissues 

'Vlffiile several kinds of cells have the power of changing shape, 
those composing the muscular tissues possess it in a marked degree, 
acting quickly and with force, so that these tissues are preeminently 
the tissues of motion. The cells become elongate and develop in 
their interior a large amount of contractile substance (myofibrillse), 
which on stimulation, contracts, shortening the cell. In the verte- 
brates, muscular tissue always arises from the mesoderm. Two 
types are recognized, differing markedly in origin, appearance and 
physiological, action. , 

' ' ' The smooth or involuntary muscles arise from the mesenchyme. 
They consist of long and spindle-shaped cells (fig. 16, A), each with a 
single 'nu'cleus, the^ protoplasm traversed by, numerous myofibrill^, 
which ,' appear " like fine longitudmal lines.' In the vertebrates the 
smooth muscle contracts; slowly and.. 'is not under control of the willl^ 

In contrast to the smooth is" the .striped or voluntary muscular 
tissue, which arises from a modification, of the mesothelium. Except 
in the case of the muscles of the heart, the striped tissue is under con- 
trol of the will; it usually occurs in larger masses than does the smooth, 
and is capable of rapid contraction. It differs structurally from 
smooth muscle. Instead of distinct, uninucleate cells there are long 
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cylmdrical elements (fig. i6, B), the primitive fibres, each with 
several nuclei in the interior in lower vertebrates, on the periphery in 
the higher. Most of the protoplasm of the fibre has been altered to 
minute contractile fibrillae, each crossed by lighter and darker bands, 
and as these correspond in position in the different fibrilte, they give 
the fibre its characteristic cross-banded appearance. 

The primitive fibres rarely branch at their extremities. Each is 
surrounded by a structureless envelope, the sarcoleinma, while num- 
bers of fibres are bound into bundles and muscles by connective 
tissue (perimysium) which carries nerves and blood-vessels. At the 
ends of the bundles the perimysium continues into the tendons which 
attach the muscles to other parts. 

The heart muscle also arises from the mesothelium, is cross- 
banded, but is removed from control of the will. The cells are usu- 
ally short (usually with a single nucleus) ; they branch, the branches 
connecting adjacent muscle cells. 




Frc. i6. — A, smooth muscle cell; B, striped muscle 

Connective Tissues 

The tissues grouped here arise from the mesenchyme and are dis- 
tinguished from ail other tissues by the great amount of intercellular 
substance produced by the cells themselves. This substance or 
matrix varies in character and determines the variety of tissue. 
Frequently it is dense and hence the connective tissues may give the 
body support, and in fact they are sometimes called supportive tissues. 

In the earliest phase, known as embryonic connective tissue 
(fig. 17, A), the cells are scattered, have long radiating processes, and 
between the cells is a thin gelatinous matter. It is by increase of this 
intercellular substance by taking up water that many embryos gain 
so in size without taking food. The embryonic connective tissue 

; , some of the cefls may contain pigment granules, forming 
pi^ent cells (B), or oil glofiules may be deposited in them to such an 
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extent that thc' cells become spherical,' while the intercellular sub- 
stance is reduced, thus affording' fat or adipose tissue^ ' Most com- 
mon of the connective tissues is fibrous tissue (white or non-elastic ^ 
tissue) in which the cells are branched or spindle-shaped while the: 
matrix is filled with fine white fibrill®' of considerable strength and 
little: elasticity. 

These fibril!^ are parallel to each other in tendons (C), which' 
have to convey strains in one direction; or they may be interlaced 
confusedly, the tissue then forming sheets or membranes. Occasion- 
ally, as between the skin and the muscles, the fibrous tissue may be 
loose (areolar tissue). In elastic tissue fibres of another kind are 
mingled among the non-elastic fibrils. These are yellow and elastic, 
and when abundant give an elastic character to the whole. 



A ^ ■■ B . C 

Fig. 17. — Connective tissues. A, embrj^-onic, from Aniblystoma; I?, expanded and 
contracted pigment cells froin Ainhlystoma; C, fibrous, from tendon. 


In cartilage and bone the matrix is abundant and more solid. 
These are the skeleton-building tissues. In cartilage the matrix is 
firm and consists of a peculiar substance called chondrm. When the 
chondrin is nearly pure it is milky in appearance (hyaline cartilage, 
fig- 18), but it may be invaded by numerous strands of fibrous or 
elastic tissue, resulting in fibrous or elastic cartilage. Cartilage in- 
creases in size by additions to the exterior and also by divisions of its 
cells and by increase in the amount of matrix. Externally it is 
bounded by an envelope of connective tissue (peridiondrium) ; 
which bears blood-vessels and may give attachment to muscles, etc. 
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Bone may arise directly, from embryonic connective or .fibrous 
tissue, or by the ossification of .cartilage. In either case the result is 
„a', 'strong matrix composed of 'Calcium phosphate -and carbonate in a 
..ground substance of organic matter (ossein). Minute, .tubes (Hav- 
'.ersiaii canals)! carrying blood-vessels, etc., run through the matrix 
;(fig. 19), and parallel to these canals or to the^ external surface of the 



Fig. 18. — Hyaline cartilage. 


bone are the cells, arranged in layers. The space occupied by a cell 
is called a lacuna, from which minute tubules or canalictiH, occupied 
by processes of the cells, penetrate the matrix. There are small 
spaces in many bones filled with red marrow, which is especially 
noticeable as one of the places of formation of red blood-corpuscles. 
Externally every bone is covered by a layer of fibrous connective 
tissue, the periosteum. 



Fig. 19. — A, Stereogram of bone; .S, cross-section of bone, more enlarged; c, canaliculi; 
blf bone lamellae; h, Haversian canal; lacuna. 

The dentine of teeth and placoid scales is closely allied to bone, 
the chief differences being in density, the bone-forming cells (odonto- 
blasts) not being enclosed in the matrix, while the canaliculi (here 
called dentinal canals) are parallel to each other. 

Blood is sometimes regarded as a connective tissue, the corpuscles 
being the cells and the fluid part (plasma) the iliatrix. It is here 
dealt with in connexion with, the circulatory system. 


COMPARATIVE MORPHOLOGY OF 
VERTEBRATES 

THE INTEGUMENT 

The integument is the covering of the body, the term including 
the skin (cutis) and all structures derived from it. From its position 
it is a protective toat. It comes into relation with the external world 
and is modified in various ways, becoming hardened to ward against 
mechanical injury, developing sensory structures to give information 
of untoward conditions and being impervious so as to prevent loss of 
the body fluids, or the entrance of others from without. Naturally 
the habitat, aquatic or terrestrial, has great influence in the character 
of the modifications. 

In ail vertebrates the integument consists of two layers, an outer 
epidermis which consists of the ectoderm after the separation of the 
nervous system, and a deeper layer, the corium (derma), of mesen- 
chyme, largely derived from the somatic wall of the myotomes, into 
which other structures (nerves, blood-vessels, etc.) extend. 

In the epidermis, again, two layers are always present. At the 
base, next to the corium is the Malpighian layer (stratum germina- 
tivum), the cells of which are nourished by the fluids of the corium. 
Hence they can grow and divide, the new cells thus formed gradually 
passing to the outside where they form the second layer, the stratum 
comemn, the outer cells of which are usually worn away as fast as 
new ones are added from below. Occasionally these outer cells come 
off in large sheets, as when a salamander or a snake sloughs its 
‘skin.’ In the development of the epidermis of the terrestrial 
vertebrates the first layer of cells budded from the Malpighain stra- 
tum form a continuous sheet which is later shed as a whole. This is 
the periderm (fig. 20), the older name of epitrichium being inappro- 
priate, since the layer is found in reptiles and birds where no hair 
occurs. 

The Malpighian layer alone is concerned in the formation of the 
glands connected with the skin, and the corresponding part of the 
ectoderm contributes to the sensory structures like the nose and ear. 
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The corneum, on the other hand, takes part in the formation of 
protective structures like hair, nails, claws, feathers, and other cuti- 
cular outgrowths. The epidermis is generally thicker in terrestrial 
than in aquatic vertebrates, and in the latter, being constantly moist, 
shows less of the horny consistency, than occurs in animals which live 
in the air. 

The corium lies immediately beneath the epidermis and is less 
sharply separated from the deeper tissues by a looser layer of con- 
nective tissue (subcutis, tela subjunctiva) in which fat is frequently 
extensively developed. The corium is largely composed of fibrous 
connective tissue, intermingled with elastic tissue, blood-vessels, 
nerves, smooth muscle fibres, etc. It is usually thin in the lower 
vertebrates, but is much thicker in most mammals, and forms the 
whole of ordinary leather. Pigment cells may occur in both epider- 
mis and corium. These are mesenchyme cells, loaded with pigment, 
which are frequently under control of the nervous (sympathetic) sys- 



Fig. 20 . — Section of developing scales of lizard, Sceloporus. c, papilla of corium; 
e, outer layer of epidermis which later becomes cornified; /, fibrous layer of skin; w. 
Malpighian layer; p, periderm; tela subjunctiva. 

tern, and can be altered in shape (chromatophores), thus producing 
color changes, which, as in the chameleons, may be very marked. 

Horny scales, produced by a cornification of the epidermis, are 
found in all groups of terrestrial vertebrates, but they are rare in 
amphibians and mammals. The development is best seen in reptiles 
(fig. 20). By a multiplication of the cells of both corium and epi- 
dermis in definite regions the skin becomes divided into thicker areas, 
separated by thinner lines, each area corresponding to a future scale, 
which arises by the conversion of the stratum corneum into horny 
material. In snakes and lizards these scales, together with all of the 
stratum corneum (even the covering of the eye) is periodically molted, 
the separation taking place at the surface of the stratum Malpighii. 
In turtles and alligators there is a gradual wearing away of the surface. 

Closely allied to scales are claws, hoofs and nails (fig. 21). A 
claw may be regarded as a cap on the tip of a digit, formed by two 
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scales j one .dorsal (Eiigiiis)^ the other ventral (subOTgiiis),. Of these 
the unguis is ' the more important. ' It grows continually from a root ^ 
and in mammals is forced forward over its bed. ■ In' the claw (B) the 
.unguis, is curved both transversely and longitudinallyj the subunguis 
forming its lower surface. In the human nail (A) it iS' nearly flat in 
both directions and. the subunguis is reduced, to a narrow plate just 
beneath the tip of the nail. In the hoof (C) the unguis is rolled 
around the tip of the toe, while the subunguis forms the ^sole’ inside 
it, .The.^frog^' is the reduced ball of the toe which projects into the 
lioof .from behind. '■ . 


Strictly speaking the scales of fishes are tegumentary, but because 
of their close relations to the skeleton they are best treated in that 
connexion. 



Fig. 21. — Diagrams of (A) nails, (B) claws, and (C) hoofs, based on Boas, e, unmodi- 
fied epidermis; w, unguis; subunguis. 


The integument presents many different conditions in the sepa- 
rate groups of vertebrates, and so details are best given under the 
special heads. 

FISHES. — The aquatic life renders the epidermis of fishes soft, 
and cornifications of it are comparatively rare, among them the pecu- 
liar ‘pearl organs’ which appear in the skin of some teleosts at the 
breeding season. Glands, on the other hand, are abundant. There 
are unicellular and multicellular mucus glands of different shapes in 
the epidermis, the secretion of which furnishes the slime on the sur- 
face (fig. 22). Some elasmobranchs and a number of teleosts have 
poison glands, usually in close relation to the spines of the fins (fig. 
23) . The elasmobranchs also have large pterygopodkl glands in the 
‘claspers’ of the males, but their purpose is not well understood. 

Possibly the most striking of the epidermal organs are the lumi- 
nous organs or photophores, which are most common in elasmobranchs 
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aEd: teleosts from the, deep seas,, where sunlight does, not exist. , They 
are apparently modified glands, and the development is known in 
PoricMhys. There is an involution of cells of the Malpighian layer 
into the coriuin, where they become cut off from their point of origin, 
and are differentiated into a ■ deeper glandular layer and an outer 



^ . .. 

Fig. 22. — Section of skin oi Proto pterm, c, corium; e, epidermis; f, multicellular 
gland; unicellular glands. 

rounded body, the lens (fig. 24). Around this the corium forms a 
reflecting layer enclosed in a pigment coat. The glandular layer is 
the seat of light production. In other photophores either reflector 
or pigment may be lacking, but in their highest development they so 
resemble an eye that at first they were described as such. They are 
really 'dark lanterns.^ 



Fig. 23. — A, head of Nottmts fiavus; B, section of poison gland of ScMlheodes miimu 
(after Reed), e, epidermis; pore of poison gland, pg; s, spine of pectoral fin. 

In the myxinoids the skin contains numerous thread cells in pockets which may 
extend into the underlying muscles. Each thread cell contains a long thread, 
which is discharged upon stimulation, the threads forming a net’work in which 
the mucus secreted by the ordinary gland ceils is entangled. 

The corium is thin and consists of horizontal bands of fibrous tissue, crossed at 
intervais. by vertical strands,; Fat is common in the tela subcutanea, and in 
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some fishes this layer contains numerous- crystals; of guanin, which gives it -a 
silvery appearance. This guanin forms the base of ‘essence of pearii from 
which artificial pearls' are made. The scales of fishes., ■ although formed in the 
skiiij are considered in connexion with the skeletion. 

AMPHIBIA, — The amphibia are remarkable- in' that the epider- 
mis of the larv® , is . ciliated in the early stages, and is two ceils in 
thickness from the first. The skin, in the larvas and the aquatic 
species, contains numerous mucous glands and some for the produc- 
tion of poison, some of the latter being. prominent like the ^parotid 
glands’ on the neck of the anura and the gland on the back near the 
base of the tail. 



Fig. 24. — Section of luminous organ (photophore) of Porichthys, after Greene, e, 
epidermis with mucous cells; g/, glandular layer of photophore; lens; r, reflector 
surrounded by pigment. 

The corium is thin, and in the frogs is separated from the underlying parts by 
large lymph spaces which render the skinning of these animals so easy. As the 
amphibia respire largely by the skin (there are several lungiess salamanders) the 
corium is richly supplied with blood-vessels, and at the time of the metamorpho- 
sis of the anura these penetrate even into the epidermis, as at that time the lungs 
are not yet functional and the gills are absorbed. The stratum corneum is shed 
periodically, either as a whole (urodeles) or in patches. The warts of toads are 
in part cornifications of the epidermis, and a similar hardening of the skin on 
the -ends of the toes of some results in claws. In the males of an African frog 
{Astylosiernus^ the ‘hairy frogO the skin has the granules of the surface developed, 
at the breeding season into hair-like structures, penetrated by capillaries; these 
probably help in respiration as the lungs in this genus are greatly reduced. 

REPTILES. — All living reptiles are characterized by the exten- 
' sive development of horny scales and frequently of bony plates in 
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the skin, but some of the fossil groups (ichthyosaurs, pterodactyls, 
some ' dinosaurs, possibly- plesiosaurs) had a naked skin. Correlated 
..with this cornification of the epidermis, glands are rare. „ Some turtles 
have scent glands beneath the lower jaw and along the line between- 
. 'carapace and plastron-; snakes and crocodilians have them connected 
with the cloaca, while the latter have others, of unknown function, 
between the first and second rows of plates -along the back, as well as 
protrusible musk glands on the lower jaw. These latter are not true 
glands as they produce no secretion but cast out the lining cells. 

The corium presents two layers, the outer rich in chromatophores, but, aside 
from some snakes and lizards, the color changes are not remarkable. Claws 
are common on the toes. The so-called 'femoral pores ^ on the undersurface 
of the legs of lizards are not glands, but are epidermal structures composed 
of horny cells, and possibly have a sexual function. 

BIRDS have both layers of the skin very thin, the epidermis de- 
veloping both scales and feathers. Correlated with this extensive 



Fig. 25. — Diagram of base of contour feather, a, aftershaft; b, barbs; bl, barbiiles; 
k, hooks on ends of barbules; lu, lower umbilicus; umbilicus; quill; 5, shaft; vane. 
A, portion of a barb showing the barbules and hooks. 

* 

development of cornified structures is a striking paucity of glands. 
There are none in the ostriches, but others have the familiar oil {ixro- 
pygial) glands at the base of the tail, the secretion of which is used in 
dressing the feathers. The only other dermal glands in birds are 
modified sebaceous glands near the ear in some rasores. "The scales 
on the legs and the claws on the feet and occasionally on the wings, 
are derivatives from reptilian ancestors. The feathers are also 
derived from scal^, but are greatly modified. 
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Feathers.—There are several kinds of feathers but all may be 
grouped under three heads; hair feathers (filoplumes), down feathers 
(pltunulse), and contour feathers (plumse). The latter have all of 
the feather features (fig. 25) and in the t5^icai form consist of shaft 
and vane. The basal part of the shaft is the hollow quill, in which 
is a small amount of loose pith. In the region of the vane the shaft, 
here called rhachis, is solid, and running the length of its lower sur- 
face is a groove, the umbilicus. The vane consists of lateral branches 
(barbs) on either side, which have, in turn, smaller side branches 
(barbtiles), these with small hooks at their sides and tips (. 4 ). In- 



terlocking of these hooks gives firmness and continuity to the whole 
vane. In down feathers the barbs arise directly from the end of the 
quill, and, as hooks are lacking, the barbs do not interlock and no 
vane is formed. Hair feathers are merely long and slender shafts 
with no barbs, the simplest, if not the most primitive kind of feather. 
■ It is still a question as to the primitive type. The oldest known fos- 
sil bird, Archmpteryx, had well-developed contour feathers. 

Except in the ostriches, penguins, and toucans, feathers are not 
: distributed everywhere on the surface of the body, but are gathered 
in feather tracts (pterylse), separated by apteria in which no contour 
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feathers and but.lew down or' hair feathers occur. „ These vary in 
their arrangement in different' -groups of, birds and are of systematic 
importance (fig. 26). , ■ ■ 

Complicated as they are, feathe.rs are probably derived from scales, and the 
section of lizard skin (fig. 20) might well represent an early stage in the develop - 
.rnent of a feather. A down feather begins as a thickening of the corium, pushing 
the - epidermis before.it. By continued growth this forms a .long, finger 4 ike 
papilla, projecting from the skin. The corium extends into the outgrowth, 
carrying .blood-vessels with it, . while an annular pit, the beginning of the feather 
follicle, forms around the base of the papilla. Next, the corium or pulp of the 
distal part of the papilla forms several longitudinal ridges (fig. 27) which gradu- 
ally increase in height, growing into the epidermis and pressing the Malpighian 
layer above them against the periderm. As a result the stratum corneum is 
divided distally into a number of slender rods arising from the base (quill), which 



Fig. 27. — Stereogram of developing down feather, bv, blood-vessels entering pulp; 
c, corium; epj epidermis;/, feather follicle; p, pulp (mesenchyme) of developing feather; 
per, periderm; r, rods of epidermis, which later dry, separate, and form the down. 


at last are only held together by the periderm. Then the pulp retracts, carry- 
ing with it the Malpighian layer. With the blood supply removed, the 
epidermal parts dry rapidly, and the periderm ruptures, allowing the rods to 
separate to form the down. 

A contour feather has much the same development, differing in details, for an 
account of which reference must be made to special papers. The ridges of the 
corium are no longer longitudinal, but, beginningon the dorsal side of the papilla, 
run obliquely outward and downward (fig. 28) until they meet below. Thus 
there are formed a series of rods set at an acute angle to the undivided dorsal 
strip, the future shaft. When set free, as before, by the rupture of the periderm^ 
these rods straighten out, forming the vane. In the region of the shaft there are 
two longitudinal ridges on the ventral side. These gradually roil toget^r, thick- 
ening and strengthening the shaft, the groove between them forming the um- 
bilicus. As will be understood, the dorsal and ventral sides of the feather were 
the outside and inside of the stratum corneum of the papilla. 
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The corium of birds is. thin and consists of. irreguiarly interlaced' .fibres; it is' 
rich in sense (tactile) organs and smooth muscle- fibres j' which are largely used in 
elevating the feathers. The colors of feathers 'depend in- part upon pigment"—* 
redj yeloWj orange^ brown, and black — deposited in the.m, but the iridescent 
colors are due to interference spectra, 

MAMMALS have a skin relatively thicker than have other verte* 
brates, both layers contributing to the thickness - and the whole is 
rather , loosely attached to the lower tissues. ■ There are numerous 
glandSj-and the -hair, abundant in all orders except the whales and 
sireiiiansj is found in no other class. Other cuticular structures as 
horn and claws (p. 31) are widely distributed, and scales occur in 
several forms. 



Fig. 28. — Stereogram of part of developing contour feather; compare with fig. 24. b 
developing barbs; pc, pith cavity; per, periderm; s, rhachis. 

The corium is thick and composed of irregularly interlaced fibres with mus- 
cles, blood vessels, etc. Its outer surface is frequently thrown into papillae or 
ridges, especially on the palms and soles, these carrying the epidermis with them. 
In the thick epidermis several strata may usually be recognized: at the base a 
thick Malpighian layer; then a thin stratum lucidum in which distinct cells 
cannot be recognized; and on the outside the stratum corneum. One or more 
others are sometimes present. As will readily be understood a ceil passes 
through ail of these layers before it is worn from the surface of the skin. 

Hair. — The epidermis takes the initiative in the formation of 
hair. It thickens in spots, the thickenings pushing into the corium 
and each being cupped at the tip, blood-vessels extending into the 
cup. The basal ceils of the ingrowth, thus richly nourished, pro- 
liferate rapidly and the new cells thus formed are forced outward, 
forming the hair. While this is going on the ingrowth splits around 
the hair, forming the follicle, while another ingrowth of the Mal- 
pighian layer forms the sebaceous gland which oils the hair. 

A section through a hair and its follicle gives the following layers (fig 29). 
Around all is the connective- tissue envelope, formed from the corium; next 
inside is the outer root sheath formed of the Malpighian layer and extending 
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to the cavity of the follicle. Around the root of _ the hair is the inner root 
sheathj two cells in thickness, the layers . being known as HenlC'^s and 
Huxley’s layers. These do not extend . outside the follicle. In the , hair 
itself there is a cortical layer surrounding the central medulla, the hair , not 
being^-hollow. 

Hair differs greatly in size, the spines of the porcupines forming one extreme, 
the prenatal hair (lanugo) of man the other. Hair is shed at intervals. The old 
hair ceases to grow, separates from- its base, and later is pushed out, when the 
root begins again to proliferate. There are smooth muscle fibers connected with 
the roots of the hairs, their function being to raise the hair from its usual in- 
clined position under influence of the sympathetic system. There are also 
usually nerves distributed to the base of the hairs, making them to some extent 
sense organs, a condition which reaches its greatest development in the facial 
hairs (vibrissse) of carnivores and the hairs on the wings of bats. 

True horn, such as forms the w^hole of the horns of Rhinoceros and the outer 
covering of the horns of cattle, goats, etc. (cavicornia) is an epidermal product 
closefy related to hair. 


Fig. 29. — Diagram of structure of hair, b, blood-vessels; cuticle of hair; cx, 
cortex; g, gland; k, hair; Henle’s layer; kf, hair foijicie; /tx, Huxley's layer; 
medulla; ^,^papilla; sg, stratum germinativum of epidermis. 

Scales occur in several orders, being usually best developed on the 
tail and feet. They may be rounded, quadrangular or hexagonal, the 
square scales being arranged in rings aroynd the part, the others in 
quincunx. These are closely similar to the cuticular scales of reptiles 
(p 30). Recent investigations tend to show that there is a close 
relation between scales and hairs, since in the mammals with scales 
the hairs are usually arranged in groups of three or five behind each 
scale (fig, 30) ; while in those without scales the hairs are frequently 
grouped in the 'same manner. , The illustration (fig. 31) is interest- 
ing as showing the arrangement in man and the possible relation to 
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ancestral scales. The statement is also rnade that in the early 
embryo the hairs are arranged in longitudinal rows and that the 
grouping comes later. 


The mammalian skin is usually rich in glands which are of two 
types, tubular and acinous (p. 23). To the first belong the sweat 



Fig. 30. — Af arrangement of the two kinds of hair in Ornitkorkynclms; Bj Arrange- 
ment of hair in PHlocerus lori, with the probable relation of the hair to the ancestral 
scales; both after Meijere. 


glands, which extend from the Malpighian layer, where they arise, 
down through the corium and then are coiled in order to obtain 
greater length. The acinous glands are represented by the sebaceous 



Fig. 31. — Arrangement of the hairs in groups of threes and fives in the human embryo, 
with the probable ancestral arrangement of the scales, after Stbhr. 

glands in connexion with each hdir (fig, 29, g), and by the scent 
glands in the anal or inguinal regio/ of many carnivores, rodents and 
edentates. Others may occurjar^very diverse regions, as on the face 
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(bats, deer), in the occipital (camel) or temporal region (elephant), | 
or on the legs (swine). g 

The mammary or milk glands are now known to be modified p 

tubular glands, possibly derived from sweat glands. In the mono- fe 

tremes the simplest condition is found, numbers of glands opening ' 

into a pair of sacs in the sides of the marsupium, or pouch where the ^ 

young are kept, on the ventral side of the body (fig. 32, A). In % 

the marsupials there is a slight nipple developed from the bottom of 
the pocket. In the higher groups of mammals the first appearance 
of the milk glands is the formation of a ‘milk line,’ a ridge on either 
side of the body from in front back to the inguinal region. Tliis is 



Fxg. 32. — ^Scheme of different Unds of nipples, based on figures by Weber. Single 
line, ordinary integument, double line, that of primary mammary pocket. A, primitive 
condition, found in Echidna; B, human nipple; D, Didelphys before lactation; C, same at 
lactation; E, embryonic, F adult conditions in cow. B and C are true nipples, P a 
pseudo-nipple (teat). 

soon divided into ‘milk points,’ from each of which there is an 
ingrowth of epidermis into the corium, the intermediate parts of the 
line disappearing. Each of the points may develop into a definitive 
mamma or milk gland, but not all of them come to full development; 
for the number in the adult is less than in the embryo, varying from 
a single pair in many mammals to eleven in Centetes, the number 
roughly corresponding to the number of young at a birth. This 
method of formation explains the varying position of the mammsp 
and also the occasional occurrence of more than the normal number 
(polymastism) in man and other mammals. Each gland is provided 
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witli a nipple and of these there .are two kinds .(fig. 32). . In the one 
the whole surface on which the lacteal ducts empty becomes elevated, 
the true nipple, in the other the teat — the region around the open- 
ings of the ducts becomes drawn out' into a tube with the ducts 
opening at the bottom (ungulates). 

THE SKELETON 


The term, skeleton as used here is applied to any of the harder 
parts of the body, developed from the mesoderm and serving for 
support, for the attachment of muscles, for protection and the like. 



Fig. 33. — Diagram of the skeietogenous tissue in the caudal region of a vertebrate, 
bVf blood-vessels; d, corium; epmu, epaxial muscles; hs^ horizontal septum; hymy. 
hypaxial muscles; msd, msv, dorsal and ventral median septa; mySj myosepta; n, spinal 
cord; notochord. 

This excludes any purely epidermal hard parts, and these have 
been included with the integument. 

As the skeleton can only develop where there is mesenchyme, 
the distribution of the chief skeietogenous parts, sometimes called 
the membranous skeleton, may be given here, continuing the account 
from page 21, First is the corium, immediately beneath the epi- 
dermis, forming an envelope around the internal structures. This 
connects in the middle line, above and below, with a longitudinal 
partition {msd and v) which separates the •muscle masses of the 
two sides. This partition splits to pass on either side of the central 
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nervous system and the notochord, and, just beneath the peritoneum, 
around the viscera. From the median partition sheets of mesen- 
chyme (myosepta) pass vertically between the myotomes to the 
corium, they being, like the myotomes, metameric. Then there is 
a horizontal sheet on either side which lies between the epaxial and 
hypaxial muscles (p. 135). Not all parts of this membranous 
skeleton develop hard structures, but these are most apt to arise 
at the intersection of the various planes. 

The skeletal structures are divided into the dermal, arising in the 
outer mesenchymatous envelope, and the endoskeleton, formed in 
the other parts and lying deeper in the body. The dermal skeleton 
includes the scales of fishes, the dermal armor of many reptiles and 
fossil amphibians and the bony scales in the skin of crocodilians and 
some mammals. In the strict sense the so-called membrane bones 
of the skull and the cleithrum of fishes and the clavicle and epi- 
sternum of higher vertebrates should be included here, since they 
apparently have been derived from dermal ossifications, but con- 
venience of treatment necessitates their consideration with the 
endoskeleton, with which they are intimately associated. 

It is a question whether the dermal or the endoskeleton is the older. The 
most primitive of the living species, the cyclostomes, have no dermal skeleton, 
but have cartilage developed to some extent. In development, also, cartilage 
always appears before there is a trace of the exoskeleton. On the other hand, 
some of the oldest fishes known have a well-developed dermal armor, while the 
best preserved ostracoderms show no trace of an internal skeleton. The external 
skeleton has probably arisen as a means of protection, the internal as a result of 
muscular or other strains. 

Bones and cartilages are connected (articulated) with each other i.n different 
ways, the parts in some joints being movable on each other; in other cases no 
motion is possible. In the latter (synarthroses) there may be a close approxima- 
tion of the elements with a thin membrane between them, this type being 
strengthened in the skull by the interlocking of sawtooth-like projections 
(suture). In places, with growth, all lines of demarcation between two originally 
distinct elements may disappear and the elements form one, continuum fankylo- 
sis or synosteosis). The movable joints are grouped under two categories. 
In ampMarthrosis, illustrated by the movements of the human vertebrae on each 
other, the motion is slight and is accomplished largely by intervening ligaments 
and cartilages. In diarthrosis the parts are freely movable, there being between 
them a closed articular cavity, lined by a (synovial) membrane which secretes 
a fluid which lubricates the surfaces, 

_ „ ^ Cartilages and bones are' covered on their outer surfaces by an 
, envelope of connective tissue,^ called respectively perichondrium or 
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feriosteimi. These membranes form the means by which muscles 
are attached to the skeleton, and, by which blood-vessels obtain 
entrance to the bard parts. The periosteum is also a seat of bone 
.formation. ' ' 

DERMAL SKELETON 

When present, the dermal skeleton arises by a marked prolifera- 
tion of cells at definite points in the corium. 'These cells become 
specialized (scleroblasts, odontoblasts or osteoblasts) for' the deposi- 
tion of salts of lime plus a varying amount’ of organic matter (ossein). 
Upon limy plates formed in this way other parts, also calcareous, 
may be laid down by the basal surface of the epidermis, so that 
the whole dermal element may be in part mesenchymatous, in part 
ectodermal in origin. 



Fig. 34.~“Cross-sections of developing scale of Acanthias, c/ stratum corneum; d, 
dentine of scale; ee, enamel organ; w, stratum Malpighii; pulp. 


It is generally thought that the primitive dermal skeleton re- 
sembled that of existing sharks, and that from the hypertrophy or 
fusion of such scales the so-called membrane bones have arisen. 
Then the scales of other vertebrates are to be traced back to an 
elasmobranch ancestry, while teeth are thought to be modified scales. 
Hence the structure and development of the elasmobranch scale 
should be understood. 

At regular intervals in the skin of a shark there is a multiplication 
of cells of the corium, each aggregation forming a small papilla which 
projects above the surrounding corium, carrying with it the basal 
layer of the epidermis (fig. 34). The surface cells of the papiUa 
and the region around it become converted into osteoblasts which 
secrete calcic salts on their outer ends, thus forming a small plate of 
dentine (p. 28). with a central spine, into which the papilla extends. 
The overlying epidermal cells form an enamel organ, the lower 
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surface of which secretes an even harder layer of enamel^ upon the | 

dentine base, this being thickest on the tip of the spine. The || 

mesenchyme of the papilla is the so-called pulp. With continued ii 

growth the spine projects through the epidermis, giving the skin || 

of the shark its characteristic rough (shagreen) condition. This is || 

the placoid type of scale. 

FISHES. — In the adult elasmobranchs the scales may be large and remote i 

from each other (skates) or small and closely set. In the torpedo scales are i| 

lacking, while in the chimseroids they occur only on the claspers, on the frontal g 

horn, and as extreme forms, in a great spine in front of the dorsal fin. 



Fig. 35. — Ventral armor of Stegoceplials (after Credner-Zittel). A, Branchiosaurns; 
detail of same; C, detail of Archegosaiinis; D, of Petr abates, 

A few ganoids lack scales {Polyodon)^ while the sturgeon have minute gran- 
ules and five rows of large plates along the sides. Amia has scales of the cycloid 
type, soon to be described. With these exceptions the ganoids have ganoid 
scales, which are rhomboid in outline and joined to each other like parquetry. 
They consist of two layers, the lower apparently homologous with the dentine 
of sharks, except that it is formed in, not on, the corium. The outer layer of 
ganoin is formed by the corium and consequently cannot be enamel as once was 
thought. 

A few teleosts are scaleless (some eels), but elsewhere scales are formed in 
pockets in the corium (fig. 215). At first they lie side by side, but with growth 
they overlap like shingles. There is only one layer of bone mixed with a large 
amount of ossein (p. 28). In cycloid scales the element is circular and is marked 
v/ith concentric and radiating lines, the former indicating periods of growth. 
The ctenoid scales differ in having the posterior edge of each scale truncate and 
this edge and the surface toothed. Cycloid and ctenoid scales intergrade and 
both kinds may occur on the same fish (many gobiids). 

^ There is some question whether this layer is really enamel; the usual statement as 
to its nature is followed here. 
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AMPHIBIA. Traces of a dermal skeleton are, found in recent aiiipliibiaiis 
only as scattered plates in the skin of the hacks of a few exotic toads and as 
rows of scales in. the cutaneous rings of caedlians (fig. 36). These, which are 
roughly circular m outline, bear small plates (squamul^) on the anterior (outer) 
surface, these being roughly arranged in circles as if representing stages of growth* 
Some fossil stegocephalans had an armor on the ventral surface while others 
had one protecting the whole body. The elements of the ventral exoskeleton— 
sometimes scales or plates, sometimes long bars — are arranged in oblique rows 
(fig. 3S) and possibly represent the source of the gastralia (p. 46) found in 
several reptiles. Apparently certain of these ventral elements were modified 
into comb-like organs which have been interpreted as sexual in function. Epi* 
sternum and clavicle were possibly dermal in the stegocephals; theylare described 
in connexion with the sternum (p. 67). 



Fig. 36.— Section of a body ring of the Caecilian Epicrium showing the scales, after 
the Sarasins. b, basal layer of the corium; c, gland in the corium; e, epidermis; g, 
giant gland; 5, scales, the black spots indicating the squamulae; vertical partitions of 
the corium connecting the basal and superficial layers; the head toward the left. 

REPTILES.— Among living reptiles the dermal skeleton is best developed 
In the turtles, though here it is closely associated with the endoskeleton. In 
these animals the body is enclosed in a box, composed of dermal plates which in 
part fuse with the endoskeleton. This box consists of a dorsal carapace and a 
ventral plastron united at the sides to a varying extent, and each consisting 
of a number of elements. ' . In the middle line of the carapace is a series of neural 
plates, (fused below with the vertebra); the margin of the carapace consists of 
marginal plates, and, between marginals and neurals arelong costal plates fused 
to the underlying ribs. The plastron (fig. 38) usually consists" of nine purely 
dermal , plates,, , their names ,shown in the , figure. ■' The three hinder pairs are 
,often,„regarded as homologous with the gastralia of -other reptiles, , the, anterior, 
pair as the clavicles, while the unpaired entoplastron may possibly represent 
.. the episternum of other tetrapoda. : ' 

Some of the extinct crocodilia were armored with closely applied scales, and 
these are retained in a reduced condition in the living species. These reptiles 
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also hme well-developed gastralia. These are rods of dermal bone in the ventral 
.body wall between the true ribs and the pelvis, .which so closely resemble the 
true, ribs .that they have. been called ^ab.dominal ribs^ and p.arastema. They do 
not meet in the middle line; each, except the first, consists of two parts and the 



Fig. 37. — Section through developing vertebra, rib and exoskeleton of Chehm 
imbricata^ after Gotte. c, corium in which the dermal plates are developed; cs, primitive 
vertebral body, ep, epidermis; w, externai oblique muscle; perichondrium; r, rib; 
spinous process. 

pairs correspond to the somites in number. Sphenodon (fig. 37) has gastralia 
more numerous than the somites and meeting in the middle line. 

In a few lizards there are dermal scales, while the extinct stegosaurs had der- 
mal ossicles, sometimes of great size (plates a yard across, spines half a yard long) 
in the dorsal and caudal regions. 



, BIRDS.—'All recent birds,, lack dermal ossifications, but Archmpieryx had 
gastralia. „ , ^ 

^ .MAMMALS rarely have dermal bones. They are known in the extinct zeuglo- 
4dnt whales and in several fossil edentates* but in the living species they occi r 
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only in the back and dorsal fins of some cetacea and in the armadillos;' in . the 
latter they form a complete armor above, the plates arranged in transverse 
rows, some of which are movable on each other. In the extinct glyptodons they 
formed an inflexible case. It is 'Uncertain whether these are a new acciuisition 
in the edentates or have been inherited from non-mammalian ancestors. 

THE ENBOSKELETOK 

' The endoskeleton may pass through three stages ■ in its develop- 
ment, including the membranous stage (p. 41), From this it may 
pass through a cartilage stage before becoming bone, or it may in 
part develop directly into bone from membrane, or, lastly, it may 
never pass beyond the cartilage stage. Thus only the membranous 
stage is constant. These differences in development are of great 
importance in tracing homologies between bones in different groups, 
but the distinction between bones developing directly from mem- 
brane (membrane bones) and those passing through a cartilage stage 
(cartilage bones) can be recognized only by following the ontogeny 
of the element in question. 


A B c 



Fig. 40.— Diagram of growth of bone. A, from an animal recently fed with madder 
causing a layer of bone (black) colored by the dye; B, later, no madder fed for some 
time, a deposit of colorless bone on outside of colored layer, internal layer thinner; C. 
still later, outer layer thicker, inner layer absorbed. 

As stated above, there is much evidence to show that the membrane bones 
are dermal bones which have sunk to a deeper position and have become second- 
arily associated with the endoskeleton. This is especially evident in the skulls 
of some of the lower ganoids. Ossification of cartilage takes place in two ways. 
In ectochondrostosis the deposit of lime salts begins on the deeper surface of the 
perichondrium and gradually invades the cartilage. In entochondrpstosis the 
cartilage becomes altered in the interior, some of the cells becoming modified 
into or replaced by osteoblasts, and from these as centres of ossification, the 
process of bone formation extends in all directions. In ectochondrostosis at 
least, the centres of ossification may have been derived, phylogenetically, from 
elements of the dermal skeleton. 

In ossification the bone is developed in layers, between which the osteoblasts 
are arranged. In the elasmobranchs the skeleton is frequently strengthened by 
deposits of lime, but this calcified cartilage differs from bone in that the deposits 
of lime take the form of polygonal plates or radiating rods and there are no 
lacunae. 

Many bones increase in length by the addition of epiphyses at the ends. 
These are separate ossifications which only unite with the main bone at the time 
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the adult condition is reached. The increase in diameter has some interesting >| 
features. In animals fed with madder, the bone formed during the feeding is 
colored. In this way it is found that the new bone (fig. 40, A) is laid down on the : 
outside of the other, and that with growth {B and C); the ‘marrow cavity’ on ; 
the inside is increased in size by the resorption of the bone already formed. ^ 

For convenience of treatment the endoskeleton is divided into | 

axial and appendicular portions, the axial consisting of the vertebral ' 

column (backbone) and the skull, together with the ribs and sternum | 
which are closely associated with the vertebra. The appendicular 
skeleton includes the framework of the limbs and fins and the 
girdles to which they may be attached. 

Axial Skeleton ; 

Both the skull and the vertebral column surround and protect 
the central nervous system (brain and spinal cord) and in this way ( 
the skull is an enlarged and specialized portion of a continuous axis, 
but it is not possible to carry the comparisons into details. The idea ' 
of Oken and Owen that the skull is a complex of three or four vertebrae 
has long been overthrown.- The skull differs markedly from the ; 
vertebral column in the presence of numerous membrane bones, 
while in the more primitive vertebrates and in the early stages of 
all, the Okenian vertebrae are entirely lacking although true ver- 
tebral arches and centra develop behind the ears (fig. 71). 

Vertebral Column 

The vertebral column (‘backbone’) is the longitudinal skeletal 
axis of the body behind the head. It lies dorsal to the alimentary 
canal and most of it is ventral to the spinal cord, only the neural arches 
arising above the central nervous system. In all vertebrates, except 
some of the cyclostomes, it is markedly metameric, being composed 
of a series of elements — the vertebrae — which are always preformed 
in cartilage, but which, in the higher groups, are ossified later. 

The most typical vertebrae are found in the tails of the lower | 

vertebrates (fig. 41, A). Each vertebra consists of several por- ■; 

tions or regions. Between the spinal cord and the caudal blood- 
vessels, and surrounding the notochord is the body or centrum, the ■ 
successive vertebrae of the column articulating by the anterior and 
posterior faces of the centra. From the dorsal side of each centrum 
a neural arch arises, enclosing the spinal cord in its opening, the 
vertebral canal. Each arch is composed of a pair of nureal plates 
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(neurapophyses) which meet above the cord and are continued dor- 
sally as the neural spine. A similar hsemal arch extends from the 
ventral side of the centrum around the blood-vessels of the tail. 
This consists of similar paired plates (hsemapophyses) and a haptnal 
spine. In the trunk region centrum and neural arch are similar, but 
the hsemal arch is either incomplete (surrounding the various viscera 
in fishes) or is entirely absent. 

In the higher vertebrates other parts are frequently added to 
those just mentioned (fig. 42). Most common of these are articular 
processes (zygapophyses) on the anterior and posterior sides of the 



Fig. 41. , . , ■ . Fig. 42. 

Fig. 41,— Diagrams of (^4 and B) fish vertebras and (C) vertebra from higher groups. 
by basal stumps; c, centrum; ch, capitular head of rib; d, diapophysis; ha^ haamal 
arch; hr, haemal rib; notochord; neural arch; p^ parapophysis;T, rib; tubercular 
head. , 

Fig. 42."— Two caudal vertebrae of alligator, c, centrum; ha, haemapophysis; ks, 
haemal spine; na, neurapophysis; ns, neural spine; poz, prz, post- and prezygapophyses; 
t, transverse process. The arrow passes through the neural arch. 

neurapophyses, which aid in articulating more firmly the several 
vertebras. In most vertebrates higher than fishes there are also 
transverse processes which extend laterally in the planes of the 
partitions (myosepta) between the muscles. There may be two of 
these transverse processes on either side of a vertebra, a more dorsal 
diapophysis (fig. 41, C) arising from the neural arch, and a more 
ventral parapophysis extending from the side of the centrum. The 
true ribs, to be described later, articulate with the ends of these 
processes. 

The ends of the centra by which the successive vertebrae are ar- 
ticulated show, in different vertebrates, four distinct conditions (fig. 
43). As in most fishes, they may be hollow at both ends (amphi- 
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ccbIoiis)* They may bear a ball at one end and, a corresponding 
socket' at ' the other; the socket may be in front (proccBlotis) or be- 
hind' (opisthoccelous). In the birds a saddle-shaped' articulation 



Fig. 43. — -Diagrammatic sagittal sections of (A) ampMcoelous; (B), procoelous; 
(C)j opisthoccelous: and (D), amphiplatyan vertebrae; the head supposed to be at the 
left. Cut surfaces obliquely lined. 

occurs (fig. 57), while in mammals the ends of the centra are usually 
flat (amphiplatyan), though in the necks of ungulates the vertebrae 
are opisthocoelous. 



Fig. 44.— Section of developing vertebra of 45 mm. AmUystoma, c, cartilage of 
intercentmm; cs\ outer chorda sheath; inner chorda sheath; dm, dura mater; 
epithelioid layer of notochord (elastica interna) ; eftdy endorhachis^ torn from wall of 
vertebral canal; npy neurapophysis (ossified); ns, neural spine of preceding vertebra; 
nty notochord; sCy spinal cord; sdy sub-durd space. 

Comparative anatomy, embryology and paleontology all agree in 
showing that the vertebral formation began with the arches and 
tendedTrom these to the centra- ■■Ih'What must be regarded as the 
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most primitive condition arches alone occur, and these may even 
ossify without any appearance of distinct centra. 

The vertebra (and the basal part of the skull) are developed 
around the notochord. This is a cylindrical rod of cells, arising from 
the entoderm, and extending in the middle line of the body, between 
the central nervous system and the alimentary canal, from the 
infundibulum (see brain) to the posterior end of the body. In its 
early stages it shows no signs of metamerism. Soon the cells of which 
it is composed become vacuolated, and the nuclei and most of the 
protoplasm migrate to the surface of the rod where they appear like 



Fig. 45. — Section of embryo lizard {Laceria nmralis) with twenty-eight somites, 
the section passing through the tenth somite; shows the proliferation 'of mesenchyme 
from the splanchnic layer of the myotome, a, aorta; I, iimb-bud; w, part of myotome 
to form muscle;^^?, notochord; 0, omphalomesenteric vein; 5c, spinal cord; sclerotomic 
part of mesenchyme. 

an epithelium, which, together with its basal (external) membrane 
is called the elastica interna or epitheliomoiph layer (fig. 44, e). 

This internal elastic layer now secretes a structureless envelope, 
the notochordal sheath, which encloses the whole cord, its outer 
layer, the elastica externa (fig. 44, cs^) being somewhat sharply 
marked off from the rest. This condition of the sheath persists 
throughout life in the cyciostomes and' a few other forms, but is 
transitory in all other vertebrates, 'v 

The skeleton-forming (skeletogenous) tissue is derived from the 
sclerotomes (p. 20). Its history in outline is as follows: Each epime- 
ral and mesomeral somite buds cells from its medial and splanchnic 
surface (fig. 45) ; these cells form the sclerotomes, which, since they 
aries from metameric stnictures are at first also metameric. But 
each sclerotome is also divided by a vertical incision into an anterior 
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or cranial and ' a 'posterior or caudal half (fig. 46), a point of great 
importance in explaining certain vertebral peculiarities; • 

The sclerotonie haiveSj.' cranial and caudal j spread medially 
towards the medial structures and their cells become most abundant 
in. the triangular grooves — two on either .side (fig. 47) — between 
spinal cord .and notochord . .and , between the latter. . and , the. . axial 
blood, vessels.. ' As there areT.wo half sclerotomes on. either., side, to 
each ..somite, there are four groups of sclerotome cells foreach .muscle' 
segment. These may be called crani- and caudineiirals. above 



Fig. 46. Fig. 47. 


Fig. 46. — Developing sclerotome halves ol Scelopor us. hvj intersegmental blood 
vessel; cd, cr, caudal and cranial half sclerotomes; w, developing muscle fibres; n, part 
of notochord. 

Fig. 47. — Diagram of vertebrate embryo at beginning of scleroblast migration, 
showing grooves (g) between notochord and spinal cord and blood vessels, a, artery; 
w, myotome; 7 ns ^ migrating mesenchyme; n, notochord; s^ spinal cord; v, vein. 

the notochord, crani- and caudihsemals below it. Growth extends 
from these dorsally around the spinal cord, ventrally around the 
blood vessels, forming the neural and haemal arches, there resulting 
as in adult lampreys, two neural arches to each somite, two each 
of neural and haemal arches in the tail of Myxine. In cyclostomes 
vertebral development goes no farther, centra not. being developed, 
and the same holds for many extinct ganoids in which the vertebra 
are represented solely by arches resting upon the imchondrified 
notochordal sheath. Cyclostomes have the cranial and caudal arches ' 
of a somite about equal, but in other vertebrates the caudal are usu- 
ally the larger, the cranial parts often disappearing in development. 

i In most gnathostome vertebrates the centra are formed by ex- 
tensions from the bases of the neural and hsemal arches, but in two 
different ways. In the one the skeletogenous cells extend from the 
bases of the arches around on the outside of the elastica externa and 
later chondrify, themotochordal sheath in this case being unmodified, 
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'sometimes throughout, life. In the other .case .cells from the bases 
of,, the.' arches 'penetrate the external, elastic layer and .migrate into 
: the .sheath, the tissue thus formed being later converted into cartilage 

(fig« 44)* 

As is the case with the arches, there is often a persisting duplicity 
of .centra ill the lower vertebra.tes,. a. condition ■■■(diplosponciyly)' occur- 
ring in the tail oi Amia and some.' sharks 'and .in .many fossil ich- 
thyopsida. In most vertebrates, however, .the two half centra fuse 
:' to a. single (true), centrum,' the fusion occurring .in, two ways. ■ . In the 
anterior part of 'the', vertebral column of a few fishes, cranial and 
caudal half centra of the' same somite unite, the resulting centrum 
thus coinciding in position with the parent somite. In the great 
majority of cases the caudal half of. one somite fuses with the cranial 
half of , the next posterior to form the centrum of the adult. This 




Fig. 48. — Stegocephalan vertebra, after Zittel and Woodward. A, phyllospondy- 
lous; Bj raciiitomous of Chelidosaunis; C, Callopleriis; D, embolonieroiis of Eurycornms; 
ks^ hypocentrum arcuale; hp, liypocentrum pleurale; np, neiirapophysis; neural spine; 
hj hypocentrum; p,pl, pleurocentrum. 

results in an alternation of muscles and vertebrae, a condition more 
advantageous for the interaction of skeletal parts and muscles and 
for the flexure of the bod}/*. This process often appears in the litera- 
ture as the resegmentation of the Vertebral coliimn.^^ 

In the higher vertebrates all traces of this double origin of the 
vertebrae are lost in the adult. But in many of the ichthyopsida 
different conditions occur. In the tail of Amia referred to above and 
'i.n„sever.al: extinct ganoids and .stegocephals there' .are' apparently; two.,' 
'Centra; and. but a, single arch-, for each -'muscle segment ■ (fig.;;47,'y;i)),v 
...'Gf :bhese,'. the.' Incomplete element is . .usually ;.€aile,d ' the ,-totercentriiin«: 
In other stegocephals more complex conditions occur (fig. 47, B). 
Here each vertebra consists of several parts to vvhich. the.' m 
the legend of the cut have been applied,. and'' this type.,o,f vertebra'. has 
been called rhachitomous or temnospondylous', ', No certa^ 
been reached as to the homologies between these and other vertebrae, 
but it appears probable that the parts labelled hs and np represent 



Fig. so.— Earlier and later stages of development of a vertebra of Amhlystoma. cc, 
cartilage in centre of vertebra; e», elastica interna; i, incisure cutting through ic, inter- 
central cartilage; n, notochord; ns, notochordal sheath; a, vertebra (bone) black. 

tinguisiied by their relation to th^ nerve roots. Thus the ventral 
root ustially penetrates the caudal plate (in the figure fused with the 
centrum), vrMie the dorsal' root passes between cranial and caudal 


Fig. 49. — Sagittal section of Acanthias vertebrae, cut surfaces obliquely lined, c, 
calcifications of centra; cd, caudineurals; cih, caudihaemals; cr (j,), cranineurals (inter- 
calaria); d, exits of dorsal nerve roots; crh, cranihasmals; n, notochord; r, exits of ventral 
nerve roots. 

In the formation of the arches derivatives of both caudal and 
cranial half sclerotomes may persist (fig. 49). The two may be dis- 
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the bases of the caudihaemals and caudineurals, while those with the 
letters hp and pi are the corresponding cranial elements of the suc- 
ceeding body somite. The relations of the parts in the phyllo- 
spondylous vertebra (fig. 48, A) are even more uncertain, since 
here the bone (alone preserved) was apparently, a coating over the 
cartilage. 

ca cr(i) 
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or penetrates the former.,,. '„This sIi,ows, 'that the plates'' 'often called; 
intercalaria, ,.(a*(i) iDeloiig to' the cranial half sclerotomes. '; 

The,, vertebra : are outlined at an early stage of the embryo, a'nd', 
their mimber is not subsequently increased. Consequently. Increase,, 
in length of the vertebral column can occur only by growth of. the. 
vertebra, themselves. When ■, first formed..,, each' centrum. ■ encircles, 
the B.otochord and prevents its increase in. diameter at 'this pointy, 
while between .the centra it can expa.nd. As a result the notochord^ 
soon resembles a string of beads (is nioniliform) with intervertebral 
enlargements. Then/ as additions are made to, the centra, to in- 
crease their length j the; new parts must form around the intervertebral' 
enlargements and in this way the ends of the centra become cup- 
shaped, and the.' amphicoelous condition- (fig. 50, J) is produced. 
In some 'urodeles this stage is followed 'by the deposition of 'cartilage'''^ 
in the cups (fig. '50/ JJ)^ producing intervertebral constrictions of,,'. ', 
the cord. As this progresses absorption of the cartilage begins 
between the ends of the vertebra {ic) and continues in such a way 
that the result is a ball of cartilage attached to the hinder vertebra 
and a corresponding cup in the one in front; in other wordsj an 
opisthoccelous condition. The procoelous condition (fig. 43, B) 
is the result of a similar process, except that the socket is in front, 
the ball behind. 

■ Regions of Vertebral Coluimi,— Several regions may be, dif- ,, ' 
ferentiated in the vertebral column, these being the most numerous 
in the higher groups of vertebrates. These are (i) the cervical, in 
the neck, which has great reduction or even absence of ribs; (2) the 
thoracic, following the cervical, with distinct ribs; (3) lumbar, with- 
out ribs; (4) sacral, including one or more vertebras with which the 
pehfis is connected; (5) caudal, the tail, behind the sacrum. Some- 
times the ribs extend back to the sacrum so that thoracic and lumbar 
cannot be distinguished, all being then grouped, as dorsal', ':,;Tlie,' 
sacrum proper usually: consists ^ of but one, or two", vertebrae, these ' 
conne.cted. with, -the pelvis by the. intervention of sa.cral'ribs; ,. Fre- ,„ 
queiitiy ."'other , ribless ' (ps'endosacral) vertebrae' also' connect.. with:,,,: 
the pelvis,:. these and' the' true sacrum forniing a S3nasa€rtim* .' Thenln , 
the fishes "and: some .higher vertebrates (snakes, .whales,' etc.,:, wMch ,.' 
'.lack lii,iid,limb,s) sacral vertebrae are' not .differentiated, and' in. 'tfae;, 
fishes there, is no. line between' ,'cervicals and dorsals,- so that. ,.,o'nly,-: 
trunk: ..or' ■.abdominal,,., a,nd caudal. 'Tegions' can be distinguished, /.'the,',.... 
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In', the .mysiiioids there are cartilagiiioiis neurapophyses and. 'iiitercalaria, devel- 
oped in the caudal region; in the lampreys they occur in the trunk as 'well. ■ 

'' FiSHES.— In ail hshes only two' vertebral regions— trunk and . tail—are 
differentiated. In the elasmobranches the typical vertebrae are developed in 
cartilage, with intercalaria in connexion with the arches,, ' Usually the centra 
undergo more or less caicification (pi 47)> the lime being either deposited in con- 
centiic iiiigs; a the notochord (cyclospoiidyloiis vertebra) , or in , radiating 
plates '(asterospondylotiSj fig. 54). Ih: the trunk region each; centrum / often 
...bears a pair of transverse processes with short ribs at their extremities. In 'a. 
few lorms (skates, etc.) diplo- or polyspondyly (p.'S 3 ) occurs in ^ the tail, and in: 
.the holocephali the centra,', are replaced.' by numerous, rings of cartilage.; , In, 
..skates Chimmra there is, a true -joint' between the skull .and the, column, 

but in' the sharks the anterior , vertebrae are fused together and to th e ^ skull. ' 



Fig. 56. — ^Lateral and anterior faces of vertebras oi Lepidosteus (Balfour and Parker). 

basal process; c, centrum; icj intercalare; is, interspinous bones; I, dorsal ligament; 
na, neural arch; r, haemal rib. 

The ganoids vary greatly in vertebral characters, some of the Chondrostei 
having only cartilage and some of the fossil forms lacked centra. On the other 
hand, nearly the wEcie vertebra is ossified in Amia Lepidosteus (fig. 56), the 
latter having opisthocoele vertebras, a condition not reappearing until the 
amphibians, as all other fishes in which centra are developed have amphicoelous 
vertebras. 

As the name implies, ossification of vertebrae and other parts is common in 
teleosts. The arches are almost always ossified, while the centra may be, or 
those parts directly connected with the arches may remain cartilaginous while 
the rest ossifies (fig. 55), so that the section presents a radiate figure as in the 
asterospondylous sharks. Some teleosts have zygapophyses and a fe'w genera 
have transverse processes on some of the vertebrae. 

The clipnoans, so far as ossification of the vertebrae is concerned, are on a par 
with the cartilaginous ganoids. There are no centra and. the notochord grows 

AMPHIBIA, except the legless -forms' (gymnophiona, and aistopoda of the 
stegocephals), have caudal, sacral, and trunk regions, and a single cervical verte- 
bra, the sacrals being single except in a family of extinct anurans. Zygapophy- 
ses and both kinds of transverse processes may be present. 

The stegocephals had the greatest range of vertebral structure, rliachito- 
mous, embolomerous, and amphicoelous 'types occurring, the first two even in 
the same individual. Phyllospondylous vertebrae (fig, 48) occur only in the 
fossil Branchiosauridse. 
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Tlie caciliaiisjiavea;verylarge';nu^ {up. "to ; 2 7.5) of amphicaious vexte- 
bra2 in. correlatioB'„wit}i : the ' snake-like body form. ; Tlie peremiibranchSj clero- 
.tremes „aiid,m,aiiy :saiamandriiia are amphiccelous; the rest of the urodeles are ., 
. opisthoccslous. ■ ' . 

, The anura, as a rule, have' procoelous vertebra, but a few genera have tliem,' 
opisthocceie. ■ Ail recent species- have eight' presacrai, vertebras, but there were 
>nine, in the, tertiary, te ■ A s.triking- feature is, the fusion, in the adult, 
of , the 'Caudal vertebrse' into the well-known rod, the- coccyx or urostyle* ,- . 

,,,: REPTILES always have the vertebrae 
ossified, although, remnants of the notochord, 
may , persist ' in the, centra, of which all 
types, amphi-, pro-, opisthocoeious and flat 
occur in the group. In lizards, snakes and 
dinosaurs the articulation between the 
successive vetebx^ ^is strength -by ■ 
zygaatra and zygosphenes,- a cavity on "one ' 
vertebra into which a projection from the 
, nei-t- fits.;. : In the existing Apecks tfie^^^^ 
never more than two sacral vert ebrre^ but 
the pterosaurs had from three to seven, 



Fig. 57. 





Fig. 57. — Cervical vertebra of a bird showing the saddie-sbaped articular surface 
(af) on the centrum, c; cr, cervical rib; nc, neural canal; ns^ neural spine; poz^prz^ post- 
and prezygapophyses; z'c, vertebrarterial canal. 

Fig. 58. — Ventral view of synsacrum and pelvis of hawk (Buieo). iK ilium; is^ 
ischium; p, pubis; pp, pectineal process; 5, sacral ribs. 


while in the dinosaurs there might be ten, these including the pseudosacrals, 
all being co-ossified w^hen there ’ivere more than three. 

Little is knowm of the theriomorph vertebrse, except that some species had 
persistent notochords, others amphiccelous centra. In the plesiosaurs they 
were flat, wdiile in the turtles the dorsals are fused and the neural spines are 
united wdth the neural plates (p. 45). The other centra vary. Those of the 
rhynchoceplials and most dinosaurs are flat, while snakes and lizards (except the 
geckos) have them procoelous. In the earliest crocodiles they were amphiccelous, 
while later they are procceious or flat, and in the pterodactyls they are procoelous 
in front, amphiccelous in the tail. 

BIRDS usually have saddle-shaped ends to the centra (the atlas proccslous). 
Several of the dorsals are usually fused for strength, but the first presacral is free. 
A characteristic feature is the synsacnmi (fig. 58), foreshadowed in the 
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, -'dinosaiirs. ■ . As tiiC' bird stands on two. feet and liolds. the body obliquely, several 
of the, dorsal and' caudal .vertebras .(^P. to 20) have fused with . the; true sacralS' 
into a common synsacral mass, a. large proportion also u'nitiiig with the pelvis., 
thus giving a firmer framework for- the attachment of the muscles, of,, the legs." 
The. true sacrais (three in ostriches, two elsewhere) lie just behind' the pits 
occupied by the kidneys and may be recognized by their lower articulation with' 
the .p.eivis. A few of thexaudals behind the synsacrum are free, as ail were in 
.Archmpteryx^ but the others in recent- birds are united into an upturned bone,, 
the.pygostyle.' ". 

MAMMALS, except whales where the sacrum is lacking, have all five verte- 
bral regions differentiated. With four exceptions the cervicals are seven in num- 
ber {Manaius australis and Cholospus hofmanni^ six; Brady pus torquaius^ eight; 
B, tridactyluSj nine). The dorsals (thoracics plus iumbars) vary between four- 
teen in armadillos and thirty in Eyrax, but usually are nineteen or twenty; in- 
crease in the number of thoracics usually being at the expense of the Iumbars. 
There are primitively two sacrais, but others may unite with these (synsacrum) 
until they amount to nine or ten in some edentates. Usually the centra are 
amphiplatyan, but in the cervicals of ungulates opisthocoeie vertebrse are com- 
mon. It is to be noted that the ^transverse processes’ of the cervical vertebrae 
are, as in birds, composed in part of reduced ribs, as will be shown below. 

Ribs 

Two different structures are included under the common name 
of rib or costa, both connected at one end with a vertebra, the other 
supporting the body walls around the viscera. In following for- 



Fig. 59. — Vertebrae and ribs of (/) anterior and {II) posterior trunk region of Polypterus^ 
after Gegenbaur. py pleural rib; /;, haemal rib. 

ward the haemal arches in the skeleton of a bony fish (fig. 41, A, 
B) it is seen that when the body cavity is reached the arch becomes 
incomplete below, the two haemapophyses separating and coming 
to lie just beneath the peritoneum in the walls of the coelom. Above, 
each is either united directly to the centrum or is jointed to a small 
process of it. More careful study shows that this fish rib (haemal 
rib) lies in the intersection of a myoseptum with the median parti- 
tion of the skeletogenous tissue (p. 41) and is medial to the hypaxial 
muscles. In the higher vertebrates the rib is formed in the inter- 
section of the myosepta with the horizontal plate, and thus is lateral 
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to' the hypaxial':imiscles':and .between 'them and the epaxial series. 
This is the' true, or pleural rib. .■ Any .wertebra may ^ bear xibs: (iiiGlu.d- 
ing haemal' arches) of either bind .and 'the. two kinds, frequently 
coexist on the • same, vertebra in the trunk of salnionids, clupeids 
dMdi^Poly-ptems (fig. 59), and in the caudal region, of urodeles and 
some reptiles'. .Their possible occurrence in all parts of the body 



Fig. 60. — Diagrams of vertebra of Lcsmargus, based on Schauinsiand, to iiiustrate 
bis view of the homologies of the two. types of ribs. Ay mid caudal; B, base of tail; C, 
middle of trunk; Z>, cervical region, c, centrum; ky hsemai process; wi, cranial neural 
arch; nCy notochord; npy caudal neural arch; Py hiemal arch or hasmapophysis; n rib. 

is explained by the existence of the myosepta and other skeletogenous 
structures in all regions. 

Another view regards hasmal and pleural ribs as homologous 
structures, but this does not commend itself. It would explain the 
coexistence of the two kinds of ribs in the same individual by sup- 
posing that the hsemai rib had shifted dorsally and that another 


Fig, 6x. — F ront and side views of cervical vertebra of fowl, showing the cervical rib. 
Cy centrum; csy spinal canal; dy diapophysis; py parapophysis; r, rib; vertebrarterial 
canal; the arrow in the side view passes through the canal 

structure arising from the stump or from a process on the medial 
side of the hsemapophysis had developed into the lower rib (fig. 60) 

The haemal ribs end freely below, never being connected with a sternum. 
In some aberrant fishes they are lacking, while in the ostariopbysi they play a 
part in the ‘Weberian apparatus’ connecting the swim bladder with the ear 
(p. 281). The teleosts have, in addition, numerous rib-iike structures which are 
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. not preformed in cartilage (epineurals, epipleurals) scattered among the muscles; 
these are 'formed: in the epaxiai- or- hypaxial myosepta or in the horizontal 
partition. 

Typically, the true rib (it is not certain whether this is the primi- 
tive form) has two heads for articulation with the vertebra, a 
capitular head connecting with the parapophysis, a tubercular 



head joining the diapophysis. Between the two heads and the 
centrum is a space, the vertebrarterial canal, through which the 
vertebral artery passes (figs. 41, C; 61). The true ribs, which are pre- 
formed in cartilage, have various extents in the different regions of 
the body. In the thoracic region, where they have the greatest 
extension, the ribs have to allow for changes in size of the contained 
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cavity^ and. hence parts of them- are .frequently left - unossifiedj or 
at least they- are' jointed, the 'two parts being called vertebral and 
sternal. ribs (fig. 62, sr). 

- In,, the cervical, region the true ribs are usually greatly reduced, and are 
lacking in ', the turtles. , In many reptiles they clearly show their nature, being 
-short, bicipital' and with their heads articulated to.'dia- and pa.rapophyses (fig. 
52). ' In- the ,birds' they may be recognized (fig. 61), their distal ends, being bent 
inward to protect the carotid arteries. In the mammals they form the distal 
part of the ^transverse process^ of human- anatomy, the vertebrarterial canal 
,and the development revealing their true nature. .■ 

The dorsal ribs are very short in amphibians, never extending 
far from the backbone. ■ - They are bicipital in most forms, except the, 
anura where they form small projections on the ends of the trans-; 
verse processes. In the amphibia the vertebral artery is ventral 
to the only process, the diapophysis, the parapophysis which appears 
in the young, being lost in the adult. In all vertebrates with a 



sternum, the amphibia excepted, at least some of the dorsal ribs 
reach that structure, encircling the viscera like the hoops of a barrel. 
„',Those .ribs 'Which do not reach the sternum- are called, '.false .ribs; : 'Tn^^ 
most reptiles and some birds most of the thoracic ribs bear an unci- 
nate process directed upward and backward (fig. 62), overlapping 
the rib behind and strengthening the thoracic wall. In the clielonia 
the ribs are confined to the dorsal side of the body and are fused to 
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the, costal: plates,. (dermal' skeleton)' to form, the oarapace 37). 

' Single- andTlo„uble-headed ribs often occur in the same individual of ' 
various groups^ and in the 'mammals the capitular head, instead of 
articulating with a, distinct parapophysis, rests in a socket formed 
by two success! ves vertebrce, except in the cervical region where dis*' 
tinct parapophyses are formed in development. 

: ' united to the sacrum, but sacral ribS' 

intervene. These are distinct in most reptiles (fig. 63), but are 
fused to the transverse processes in the adults of other groups. 

The Sternum {Breastbone) 

The sternum includes the skeletal parts on the ventral side of 
the body, which are closely connected with the shoulder girdle and, 
except in the amphibia, with the ribs. The fact that it occurs only 
in vertebrates with legs (it is lacking in snakes and csecilians) shows 
that it has arisen in adaptation to terrestrial locomotion. In man it 
consists of three parts, amanubritim above, a middle piece (gladiolus) | 
and a xiphoid (ensiform) process below, and these terms have been 
carried into other groups 



The mammalian sternum arises as a median cartilage in front (fig. 64, A, p) 
and two separate bars {m) extending backward parallel to but separate from the 
ventral ends of the ribs; these are the pre- and mesostemal parts. Later these 
join and the mesostemal bars unite with the ribs (J5), the mesostemal bars 
gradually uniting in the median line and . in the bar thus formed ossifications 
(steraebrae) arise (C), these alternating with the ribs (fig. 67). The posterior 
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.ends of .tlie iiiesostenial parts may extend' behind the: last: true ribs., .formmg tlie,; 
xipMstemiim (ensiform .appendix,' ni.etastemmn). The . three .parts, of . the; 
human sternum arise by' fusion of the sternebrse. : ' 

. ^ In ■ .the amphibia the short ribs never extend tO ' the' sternum^^^^^ 
but . skeletal parts occur near the mid-ventral line in a few,: forms,: 

. which, :.may be, ventral ribs; they participate 'in the ■form.ation^of The.,': 
•sternum. 'Nothing is' kiiown of a true sternum in'the. stegocephais.' 




Fig ^ 65.— Sterna and shoulder girdles of (A) Bufo^ and (B) Rana, cartilage dotted 
except in the suprascapula. c, clavicle; co^ coracoid; e, epicoracoid; <?, omosternura; 
s, scapula; suprascapula; xiphisternum. 


In the urodeles it is a short cartilaginous plate, lying mostly behind 
the girdle, with its sides grooved to receive the medial ends of the 
coracoids. In the toads (fig. 65, and their allies (arcifera) it 
has hardly passed beyond the urodele condition, but the hinder 
angles are often produced into long processes. In the frogs (firmi- 
sternia) it consists of a slender thread between the medial ends of 
the girdles (epicoracoids), but in front it expands into an omo- 
stemum, ossified behind; while behind the girdle it forms a broad 
xiphisternum, the anterior part of which is bone (fig. 65, B), 

In the lizards the sternum is a large rhomboid plate, largely 
cartilaginous, sometimes perforated with foramina and joined b)^ a 
varying number of ribs (figs. 64, 125). In the crocodilia there is 
an anterior rhombic plate, joined by two pairs of ribs and followed 
by a second, so-called abdominal sternum, connected with from 
five to seven pairs of ribs, not to be confused with the gastralia 
(p. 46). Ichthyosaurs, plesiosaurs and snakes have no sternum, 
while one was imperfectly ossified in theriomorphs and dinosaurs. 

In the birds (figt 62) the sternum is ossified and at most is con- 
nected with eight pairs of ribs. Behind, it may be rounded, per 
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forated, notched, or prolonged into one or two long processes. In 
the ostriches the ventral surface is smooth and this was formerly 
used as a character separating these birds as a group of ratitas, in 
contrast to all other birds (carinatEe) which either use their wings 
in flight or in swimming (penguins) and in which there is a necessity 
for strong wing muscles. For the attachment of these the ventral 
surface of the sternum is developed into a strong projecting keel 
(carina). It is to be noted that a similar keel is developed in the 
bats and pterodactyls. 



Fig. 66. — Sternum, etc., of Fig. 67.— Sternum of guinea 

Iguana tuberculata, after Blan- pig. sr, sternal rib; st^ sterne- 

chard. coracoid; cl, clavicle; brag; vr, vertebral rib, xiphi- 

0, episternum; epicoracoid; sternum, 

humerus; pc, precoracoid; x, 
xipliisternum. 

In the mammals the number of ribs connected with the sternum 
is greater than in the lower classes. The sternebrae may remain 
distinct throughout life (fig. 67) or, as in man, they may fuse into 
fewer elements, the xiphoid process being unconnected with the ribs. 
In the edentates and rodents elements known as ossa suprasternalia 
and presternum occasionally occur in front of the sternum, the sig- 
nificance of which is unknown. It is possible that traces of them 
persist in the higher orders, even in man. 
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Episternum {Interclavicle) 

In stegocephals and the oldest rh3Tichocephals there is a median 
bone on the ventral surface, called the episternum (fig. 68). It is 
rhomboid in front and may have a long posterior process, the medial 
ends of the clavicles lying ventral to the broad anterior end. This 
element is regarded as homologous with a T-shaped membrane bone 
which occupies a similar position in lizards (fig. 66) and crocodiiians, 
where it acts as a brace between the shoulders. It arises in mem- 
brane by two centres of ossification and hence cannot be the same 
as the suprasternalia of mammals. An episternum also occurs in 




Fig. 68.'— Shoulder girdles of (A) Melanerpeton and (.B) diagram of Branckwsaurus^ 
after Credner, the determination of elements after Woodward, d, clavicle; cora- 
coid; e, episternum; 5, scapula. 

theriomorphs, pythonomorphs, ichthyosaurs, and plesiosaurs, and 
possibly the entoplastron of the chelonians (fig. 38, p. 46) is the 
same structure. It has not been recognized in birds, but it appears 
in the monotremes among mammals (fig. 126), with nearly the same 
relations as in the lacertilians. 

The Skull 

The skull is a complex structure and the last word concerning its 
composition has yet to be said. Over a century ago Oken pointed out 
that a series of parts could be distinguished in the mammalian skull, 
each of wliich somewhat resemble a vertebra in its general relations, 
and thus laid a foundation for a ‘vertebral theory of the skull’ 
which was farther developed by Owen. Huxley showed that these 
were superficial resemblances, that the three or four vertebras they 
would recognize were nothing of the sort, and that the skull shows 
no real metamerism except in the occipital region and in the visceral 
Marches. ‘ V- ^ 

In its development the skull, like the rest of the skeleton, passes 
through two, and in the bony vertebrates, three stages; membranous, 
cartilaginous and osseous, and in the early stages and in the adult 
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' eIasBiobran,chs.: there is, no .trace of segmentation or of. vertebrae/ 
except in the '.occipital region (fig. 70) , the' Okeman .segments ' only 
appearing with, the development of bone. ■ ' 

' ' The'^sknll may 'be divided into two portions, a cranium'^ composed 
■of a case for the brain, and sense capsules enclosing the. organs of 
'special sense (ears, eyes and nose); and a visceral skeletoiij more or 
.iesS ' intimately 'related to the anterior end of the, digestive tract. ,. ; 

Development of the Skull 

Little is known in detail of the development of the membranous 
skull (membranocranimn) save that it envelops the brain and sense 
organs, extends into the visceral region, and that it affords the sub- 
stance in which the second, or cartilaginous, skull is formed. 

The cartilage envelope of the brain and sense organs is the 
chondrocranium. The notochord extends forward beneath the 
brain as far as the infundibulum and hypophysis and a horizontal 
plate of (parachordal) cartilage forms on either side of it. These 
parachordal plates extend laterally as far as the otic vesicles, for- 



Fig. 69.~EarIy chondrocranium of Acanthias, after SewertzofT. (The brain in 
outline.) als, alisphenoid cartilage; ch, anterior end of notochord; h, hyoid arch; ma, 
mandibular arch, not yet divided into pterygoquadrate and Meckelian; oc, otic capsule; 
i, trabecula; 1-5, branchial arches; cartilages dotted. Compare with figs. 70, 71. 

wards to the end of the notochord and back to the exit of the tenth 
nerve, behind which are a number (four in some sharks and most 
teleosts, in others three, and in amphibia two — fig. 93) of occipital 
vertebr® which later fuse with the base of the cranium. A little 
later each otic vesicle is nearly surrounded by a' cartilage otic capsule 
which joins the parachordal, thus forming a trough in which the 
posterior part of the brain lies (figs. 69, 70). 

Two elongate cartilages arise on either side in front of the otic 
capsules: (figs. 70, 71). The loyrer of tliese (trabectila cranii) soon 
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joins the anterolateral' angle of the basal plate' forined 'by, the 
chordalSj and extends forward to the 'nasal organs,' : The," u.pper„';bar, ' 
(sphenolateral cartilage, ala temporalis) is. separated from; .the:; 
trabecula by' a gap through which nerves 'II to VII pass. ■ . Tliese.bars". 

- gradually grow together^ leaving , a, gap, at first in iront of the,; optic 
nerve .(orbital or sphenoidal fissure) -.and a 'second; opening ...jiist,' in, 
front of; the otic capsule,: which' is, soon closed by the union of the 
sphenolateral bar and otic capsule, the opening now being the 
foramen lacermn. 

In most vertebrates trabecula and sphenolateral arise as a continuum, 
but are distinct at first in a few. In some forms some or all of the nerves 
pass through the fissure or the foramen. In other groups some or all have 
their separate foramina in the adult, the orbital fissure and foramen lacenim 
sometimes being without nerves in the final condition. 

The trabeculae of the two sides unite in front as a median (mes-) 
ethmoid plate, thus forming a ring around an opening (fenestra 
hji^ophyseos) in which are the infundibulum, and hypophysis. 
The trabeculae continue in front of the ethmoid plate as a pair of 
horns (cornua trabecularum) beneath the nasal organ, forming the 
base of the nasal capsule, the rest of which consists of an ectethmoid 
cartilage on the upper and outer sides. 

In elasmobranchs, amphibians and lower teleostomes the trabecula are 
wddely separated as far as the ethmoid plate (platybasic crania, fig. 70) a 
condition correlated with the anterior extension of the brain. In other groups 
the brain does not extend so far forward, and the trabeculae meet just in 
front of the hypophysis (tropibaslc crania, fig. 72), and then continue to the 
ethmoid plate as a trabecula communis. The common trabecula is usuall})^ 
compressed between the eyes to a vertical interorbital septum. 

In all forms growth from the trabeculse beneath the brain closes 
the hypophysial fenestra which now becomes a pocket (fossa hypo* 
physeos), a part of a region known as the sella turcica, one of the 
landmarks of the skull. 

In the more primitive vertebrates the trough is converted into a 
tube around the brain by the extension of cartilages between the 
sphenolateral cartilages and the otic capsules of the two sides dorsal 
to the brain.' This roof or tegmen crami is usually incomplete, 
having one or more gaps or fontaneUes, closed only by membrane. 
In the higher vertebrates the cartilage, roof -is at most restricted to a ; 
mere arch, the syuotic tectum, between the otic capsules of the two 
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.Later' a pair of nasal capsules (ectethmoids) , develop around phe 
olfactory ' organs. These are, usually fenestrated and become united 
to the cornua, sphenolaterals, and ethmoid plate. In a sim,ilar 
way a sclera (sclerotic coat) forms around each eye, but since the 
eye must move, this sense capsule never unites with the rest of the 
cranium. 

The cartilaginous visceral .skeleton' .arises in the pharyngeal 
region which is . weakened by the presence of the gill clefts. ' It 



Fig. 70. — Early plat3^basic cho,iidrocramuin. Compare with iig, 60. hpl, basal 
plate; cl, cornu trabeculae; ee, ectethmoid; cp^ ethmoid plate; //if, h3-'pophysiaI fenestra; 
flj foramen lacerum; /, future jugular foramen; notochord; f/, orbital fissure; oc, 
otic capsule; ov, occipital vertebras; pc^ parachordal; 5/, splienolateral; trabecula. 

consists of a series of pairs of bars, the visceral arches (fig. 71, 
I-VII), lying in the septa between the clefts, the bars of a pair being 
connected below the pharynx. Each bar, at first, is a continuous 
structure, but to allow of changes of size in the pharynx, each becomes 
divided into separate parts, while the arches become connected in the 
mid-ventral line by impaired elements, the copulas. The two anterior 
arches are specialized and have received special names, the first being 
the mandibular, the second the hyoid arch, the others, in the region of 
the functional gills, being called collectively gill or branchial arches. 
The number of these last varies with the number of gill clefts, there 
being seven in the primitive sharks, a smaller number in the higher 




SKELETON 




grGupSj .iii 'WMclij with, the loss' of brancMaLre$pit^tioil/ tlieir form 
and: functions may .be altered. ' At first al!, ar^'.dei:’xly in the head' 
region j but by the unequal growth of cranium and pharynx some gill 



cornu; //, foramen lacerum; ga, gill arches; gCy gill cleft; h, hyale; km, liyoraandibula; / 
upper labials; //, lower labial; m, Meckel’s cartilage; nc, nasal capsule; acJ, otic capsule; 
c/, orbital foramen; ov, occipital vertebrae; pq, pter>goqiiadrate; s, suspensor ligament; 
sp, spiracle; si, sphenolaterai; I, trabecula; vertebra; visceral arches; i~io, 



arches are carried back some distance behind the head. All of the 
arches are cartilaginous at first. 



Fig. 72. — Ventral view of (tropibasic) cranium of Lacerta agilis after Gaupp. 
aop, antorbital plate; basipterygoid process; c, entrance to nasal conch; col, colu- 
mella;///, fenestra hypophyseos; /^o, post-optic foramen; nasal capsule; nf, noto- 
chord; oj, optic foramen; ;/?a., prommenee of posterior ampulla; p/, pterygoid; g, articular 
process of quadrate;' . trabecula, communis /mg, , taenia marginalis, sphenolaterai, 
pars; /r, trabecula; FJJ, seventh and twelfth nerv'-es. 


The mandibular arch lies in the region of the fifth nerve, behiiid: 
the mouth ar i between it and the first visceral cleft or . pocket, . the: 
spiracle or ^/fetachian tube. The arch is divided into dorsal and 
ventral (fig. 71, /),, known respectively as the pterygo- 
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, qiiadrati^ '’('^^atoquadra^^^^ and Meckeliaii cartilages (m). ..In 
the eIaS'no!)raiie}i^ and chondrosteous ganoids the pterygoquadrate. 
forms the upper fm, h/ing. parallel to. and joined to the: cranium by 
ligaments or (cMm^roids) by continuous growth. With the appear- 
ance of jaw is formed, as described below, .and 


Fig. 73. — Ventral view or cranium and visceral arches of skate (Raia) after Gegen- 
baur. cp. copula; h, hyoid;* /w?, hyomandibula; la, upper labials; mk, Meckeiian 
cartilage; nc, nasal capsule; pq, pterygoquadrate; r, rostrum. 


the pterygoquadrate becomes more or less reduced, and ossifies 
as two or more bones with greatly modified functions. MeckeFs 
cartilage is the lower jaw of the lower vertebrates, while in the higher 
it forms the axis around which the membrane bones of the definitive 

The hyoid arch lies between the spiracle and the firs, true gill cleft, 
in the region of the seventh nerve, ■ Tt divides into an ^Ipper element 
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the liyoiiiaiidibiilar cartilage (fig. 71, hm)^ and a ventral portion^ the 
hyale or : hyoid proper Qi)^ which may subdmde into several parts 
(infra). In the ' lower elasmobranchs the hyomaiidibnla and the 
rest of the hyoid arch .are closely connected, but in the higher fishes 
the iiyomandibula becomes more separated from the ventral portion 
.and tends to intervene between the mandibular arch and the cranium, 
becoinmg. a snspensor of the jaws (fig. 73). Still higher it loses its 
suspensorial functions, becomes greatly reduced, and apparently is 
subsidiary to the sense of hearing (see auditory ossicles), or it may be 
lost, the question not being decided. The hyoid proper becomes 



Fig. 74. — Branchial arches of {A) Heptanchus; (B), Chlamydoselackus; and (C) 
Cestracion; A and C after Gegenbaur, B after Garman. c, ceratobranchial; e, epibran- 
chial; hyoid; kb^ hyobranchiai; hc^ hyoid copula; chr, cardiobranchial (posterior 
copula); pt pharyngobranchial; 1-7, branchial arches; m, ji^eckel’s cartilage. 

more or less intimately connected with the arches behind and also is 
largely concerned in affording a support for the tongue. 

The branchial arches are all similar to each other in the lower 
vertebrates, but with the loss of branchial respiration in the higher 
groups, they tend to become reduced, the reduction beginning behind. 
Some may entirely disappear, others give rise to the laryngeal carti- 
lages (see respiration) and the first may fuse with the hyoid. The 
first arch is in the region of the ninth nerve; the others in that supplied 

The elements of the branchial arches have the names (fig. 74), beginning 
above, .-ThaiyiigO'branchial, epibranchial, ceratobranchial and hypobrancMal, 
the copulse (p, 70) usually being called the basibranchials. The elements of 
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.the hyoid . are correspondingly, epi*”^ cerato-, and hypohyal. These parts, .lie in' 

the. medial .ends of the gill, septa, medial to. the aortic arches. ■ 

Other GartilageSj which seem to : be of less morphological importance, occur 
in. the same' region. .Among these are, the labial cartilages (fig. 73 usu- 

ally two above and one below, which lie in front (outside) of the cartilages of 
the mandibular arch of' sharks,, and occur in a modified form as high as some of 
the ganoids. By some they are regarded as remnants of visceral arches of the 
preoral region. .In the branchial region of the elasmobranchs a variable number 
of.'extrabranchial cartilages may occur, small bars external and' parallel. to .the 
upper, and lower ends of the gill arches. 

The foregoing sketch of the chondrocranium is based on conditions in the 
gnathostomes, and ignores the peculiarities of the cyclostomes which are 
summarized below (p. S3) . 

In the elasmobranchs and cyclostomes the skull is cartilaginous 
throughout life, or at most is calcified cartilage, without sharp divi- 
sion into separate elements. In the higher vertebrates the cartilage 
is supplemented or almost entirely replaced by bone which may be 
of the two kinds, cartilage bone and membrane bone (p. 47), the 
distinctions between which must constantly 
be kept in mind in tracing homologies in the 
different classes. The membrane bones are 
usually derivatives of the deeper or dentinai 
layer of scales or teeth which have fused to- 
gether (fig. 7 5) and have sunk to a deeper posi- 
tion, coming into close connexion with the ele- 
ments derived from the cartilage skull, in some 
cases replacing considerable parts of it The 
cartilage bones arise by an ossification of the 
the sturgeons the chondrocranium is complete, 
the membrane bones being superficial and not intimately connected 
with the deeper parts. 

The names of the bones are largely based on the terminology of human 
anatomy. In many cases what appears as a single bone in the human skull is 
represented by several bones in the young and in the lower vertebrates. In 
these cases the bones in the lower forms are usually given names which indicate 
their relation to the human bones or to the part or region in which they occur. 
Dermal bones are apparently the older, phyiogenetically, but for convenience 
the cartilage bones are considered first. 

The chondrocranium shows several centres of ossification, but 
only those giving rise to distinct bones are considered here 4 The 

^ Basi- and presphenoid, for example, arise each from two centres, but in all verte- 
brates the resulting bones are impaired. 



Fig. 75. — Vomer of 
25 mm. Amblystmna 
larva, after Hertwig, 
showing the bone devel- 
oped by the fusion of 
the bases of teeth. 


cartilage. Even in 
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bones.of the' cartilaginous brain case maybe arranged: four groups^ 
beginning .behind a,iid called respectively bccipitalia^ spheaoidalia, 
and etiiiiioidaliaj there being, two sets of.sphenoidalia. The 'occipi- 
talia arise in the occipital vertebra- and in the basilar plate. - Of .these 
there a.re- four (fig. 76): A stxpraoccipital above^ an exoccipital, 
on either side, a.nd a basioccipital below, thelatter extending forward 
into the basilar plate. These four form a ring around a central' 
opening, the foramen magnum, through which the spina! cord con- 
nects with the brain. 




Fig. 76. — Ventral (F) and dorsal (JO) views of typical chondrocranium ^showing 
the cartilage bones derived from it. als^ alisphenoid; ck, choana; eo, exoccipital; 
foramen lacerimi; hf, hypophysial fossa; t/, orbital fissure; a?, orbitosphenoid; qu 
quadrate. 

Just in front of the basioccipital the basal plate ossifies as the 
basisphenoid which extends forward to the sella turcica (p. 69), 
and is there followed by the presphenoid, ossified in the trabecute 
and reaching the ethmoid plate. On either side an alisphenoid 
ossifies in the hinder part of the sphenolateral and is in close relations 
with the basisphenoid. Farther forward an orbitosphenoid is 
formed in the sphenolateral and is associated with the presphenoid. 
The foramen lacerum (medium) lies between alisphenoid and otic 
capsule, while the orbital (sphenoidal) fissure partly separates ali- 
from orbitosphenoid. The relations of nerves II to VII varies 
greatly in the adult, sometimes having each its own foramen, the 
fissure and the foramen lacerum being without nerves in the adult. 

The ethmoid plate may ossify into a median mesethmoid bone 
bounded on either side by an ectethmoid and in some there may be 
added other bones included among the ‘turbinal bones. ^ The ol- 
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factory nerves pass on either side of the mesethmoid, the medial 
parts of the ectethmoids (below) in most mammals developing as 
perforated plates (cribiform plate), the olfactory nerves passing 
through the openings. 

A series of otic or petrosal bones is developed in each otic cap- 
sule. The most constant of these are a prootic in front, an opisthotic 
behind, the two usually meeting below (fig. 76), and between them, 
above, an epiotic. In the teleosts and some other forms the lateral 
wall of the otic capsule may develop, in addition, a sphenotic in front 
and a pterotic behind, the latter overlying the horizontal semicircular 
canal of the ear. In the higher groups the various otic bones fuse 
in the adult to a single petrosal bone, which is wedged in between the 
lateral parts of the basioccipital and basisphenoid. 

V D 



In the stegocephals, reptiles and birds the sclera of the eye often 
gives rise to a ring of sclerotic bones (fig. 77), which, however, never 
unite with the other bones of the skull. The nasal capsules often 
develop an ectethmoid on the upper wall, and there may be turbinals 
on the medial and lateral walls. 

To place these bones in the terms of human anatomy: the four occipitalia 
fuse to form the single occipital of man; the six sphenoidalia similarly unite to 
form the single sphenoid, the alisphendids forming the greater wings, the 
orbitosphenoids the lesser wings; while the ethmoidalia fuse to the ethmoid. 

^ In all bony vertebrates the cranial walls are coml.leted dorsally 
by membrane bones, which in the; lower fishes overlie the tegmen 
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.'craniij/ while in theliiglier groups they replace it, the cartilage 'failing 
to develop in theToof. .The number of these elements varies. betwee.n' 
wide limits, the following being the most constant, ' 

, Beginning in front (fig. 77, D), there are, on either side of^the 
median line a pair of nasal bones covering the olfactory region; a pair 
of, .frontais, between the orbits; a.pair of parietals at the level of the 
ntic capsules, between which there is frequently a parietal .foramen, 
..for .the connexion of the parietal eye with the brain ; and an iiiter-' 
parietal, arising from: paired centres, , between the parietals' and the 
supraoccipital. 

In the higher vertebrates (where the interparietal frequently fuses 
with the supraoccipital) these are practically all of the membrane 
bones in the cranial roof of the adult. In the lower groups there are 
several other bones, some of which may appear in the development of 
the higher forms. Thus lateral to each parietal there may be a sil- 
pratemporal; behind the orbit a postfrontal may articulate with the 
frontal, and lateral to this, and forming the rest of the posterior wall 
of the orbit, a postorbitaL Occasionally the superior (or medial) wall 
of the orbit is formed by one or more supraorbital bones, which, when 
present, exclude the frontal from the orbit. The orbit may be 
bounded in front by a prefrontal bone, adjoining the antero-lateral 
margin of the frontal, and lateral to this there is usually a lacrimal 
bone* Less constant are an intertemporal bone, dorsal (m.edial) to 
the alisphenoid, a pair of posiparietal bones between parietals and 
interparietals and a so-called ^epiotic’ above each otic capsule, 
which, since it is not a cartilage bone and has no relation to the true 
epiotic, is better called the tabulare. In the ichthyopsida the 
supraoccipital is frequently covered by a pair of dermoccipital bones. 

In the ichthyopsida, and to a less extent in the sauropsida, the 
basilar plate and trabeculae may fail to ossify. In these cases the 
floor of the cranium (roof of the mouth) is formed by a membrane 
bone, which .lies ventral, to. the cartilage, in. the, 

sphenoid region. Farther forward, in the nasal region, are an addi* 
tional pair of membrane bones, the vomers. Both vomers and para- 
sphenoids frequently bear teeth and their origin by fusion of the 
bases of teeth is clearly seen in developing amphibia (fig. 75). 

Some tbink the parasphenoid the homologue of the mammalian vomer, 
calling the vomers of the non-mammals prevomers, their representatives being 
sought in the * dumb-bell bone^ of the monotremes. More evidence is needed 
on these points. 
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With the appearance of bone the mandibular arch undergoes the 
greatest modifications of all the visceral arches. Its pterygoquad- 
rate half loses its function as the upper jaw and becomes more 
closely connected with the cranium in front, its median portion dis- 
appearing, even as cartilage, and being replaced by a pair of mem- 
brane bones, the palatines (fig. 77), which lie between the pre- or 
parasphenoid and the vomers. The rest of the arch ossifies as at 
least two bones on either side, an anterior pterygoid and a posterior 
quadrate, which now becomes the suspensor of the lower jaw. In 
the teleosts and reptiles there are a series of pterygoid bones. 

A second arch of membrane bones develops outside of the 
pterygoquadrate to form the functional upper jaw (fig. 77) in 



Fig. 7S. — Dorsal and ventral sides of cranium of young Sphenodon (Howes and 
Swinnerton). ho, basiooccipital ; basisphenoid; ct, trabecula communis; co, exocci- 
pital;/, frontal; h, hyoid; ij, infratemporal fossa; mx, maxilla; n, nasal; oo, opisthotic; 
p, parietal; pf, prefrontal ; palatine; pm, premaxilla; po, postorbital; ^f?/Vpost frontal; 
ps, parasphenoid; pt, pterygoid; q, quadrate; gj, quadra to jugal; sf, supratemporal 
fossa; so, supraoccipital ; sg, squamosal; /, transversum; v, vomer; u, zygomatic; cartilage 
stippled. 

all bony vertebrates. In its fullest development it consists of 
bones on either side, beginning behind with a squamosal, which 
overlies the quadrate, and followed by a quadiratojugal, a zygomatic 
(malar or jugal), and a maxilla, which joins the premaxilla, the 
latter forming the tip of the jaw and meeting its fellow of the opposite 
side. Of these only the maxillary and premaxillary bear teeth. 

In the lower vertebrates the roof of the skull is continuous, its 
only openings being those for the nares and the orbits. In the higher 
groups vacuities or foss® appear in the postero-lateral parts, these 
being bounded by bars or arcades of bone. At most there may be 
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■ three .of these fossje. The more- lateral of these^' the .mfratemforal 
fossa (fig. 78); is bounded, laterally by the zygomatic and quadrato- 
77 ;,jugalj while on. the inner side it is separated, from the snpratem-, 
, poral :fossa .by a squamoso-postorbital arcade. .The posttemporal 
fossa lies between parietal, supratemporal and occipital bo-nes.' 

' ..Occasionalty' only the infratemporal fossa is present, ■ or, by disap- 
pearance of the intervening arcade, infra-' and supratemporal loss®, : 
may unite in a single temporal fossa. -Lastly, by the breaking down 
, of The zygomatic-postorbital bar, the temporal fossa and the- orbit. 
T ; may unite. 

One or another of these bones may disappear in some groupSj either by 
fusion or by complete dropping out. Occasionally they may obtain different 
connexions and relations, as in the case of the quadrate in mammals (see ear 
bones) so that the homologies are traced with difficulty. The complexity is 
increased by the fusion of membrane bones and cartilage bones and by the 
union of cranial bones with those of the visceral arches. 

In the lower jaw there 
are no such extensive modi- 
fications as in the upper. 

At most MeckeFs cartilage 
gives rise by ossification to 
two bones in either half. 

Behind, at the articulation , . , . , ,,,,,, 

. . 1 •, 1 dermarticmar or gomale; w/2, Meckel’s cartilage; 

of the jaw with the quad- sa, surangulare; splenial. 

ratBj there is an articular 

bone, while at the tip, at either side of the union (symphysis) of 
the two halves of the jaw, there is rarely a mento-Meckelian bone. 
The rest of Meckel’s cartilage forms an axis around which the mem- 
brane bones which form the definitive jaw are arranged (fig. 79). 
These are, at most, as follows; (i) a dentale which surrounds the 
Meckelian in front and usually bears teeth; (2) a splenial on the 
'V- inner side, behind the dentale and frequently bearing teeth; (3) an 
angulare on the lower side, usually extending back to the hind end 
of the jaw; (4) a surangulare on the outer posterior part of the jaw; 
(5) a coronoid on the upper side, affording attachment for the 
which close the jaws; and (6) a gonkle (deimarticuiare) 
on the medial and ventral sides of the articulare, with which it 
- usually- fuses. This whole series is present in few vertebrates, 
dentale, splenial and angulare being the most constant. 



Fig. 79.— Reconstruction of developing jaw of 
Sceloporus, cartilage dotted; an, angulare; ar, 
articulare (not yetossified); coronoid .dentale: 
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In the hyoid and branchial arches ossification occurs to a greater 
or less extent, the resulting cartilage bones having the same names as 
the corresponding cartilages. ' There are rarely any membrane bones 
in this region. In the teleosts the hyomandibula ossifies as two 
bones, a dorsal hyomandibular and a lower symplectic which con-' 
nects with the quadrate. There is, however, a considerable amount 
of' union between the various arches in the adults of all ■ tetrapoda, 
where 'the branchial respiration is lost, and the arches have ^ to 
assume other functions than the support of gills. 

The mode of suspension of the jaws varies. In a few elasmo- 
branchs the pterygoquadrate articulates directly with the cranium 
(ampMstylic) (fig. 8o); in others it is suspended by ligament and 
by the interposition of the hyomandibular between the otic capsule 
and the hinder end of the jaw (hyostylic, fig. 86) ; while in all 
groups above the fishes the pterygoquadrate is more or less com- 
pletely fused with the cranium (autostylic)* 



Fig. So. — Skull of Heterodontus fransisci, after Daniel. A, hyomandibula; h 
labial cartilages; m, Meckel’s cartilage (lower jaw); n, nasal capsule; op^ optic pedicle; 
pterygoquadrate; ^Cj.spiracular cartilage; zf/, lower labial. 

The ear bones or ossicuk auditus are best treated together here, 
although their consideration requires the mention of structures not 
yet described. The ear bones occur only in the tetrapoda; they pre- 
sent several modifications not readily homologized with each other, 
though they all , have the same function of conveying sound waves 
across the tympanum to the inner ear. In all there is an opening, the 
fenestra vestibuli (f. ovale) in the lateral wall of the otic capsule, 
which is occupied by a movable bone, the stapes, of uncertain homo- 
logies, but probably representing the hyomandibula of the fishes, 
which otherwise is lacking in all tetrapoda. This view is the more 
probable since in some vertebrates the stapes is connected develop- 
mentally with the rest of the hyoid arch. 
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TABLE OF THE BRINCIPAI. CRANIAL' BONES 

Notocliord ■ ' 

Parachordais 


Cranium 


Chondrocramiim • i 


Trabeculss 
Ethmoid plate 


Sense cap- 
sules 


Membrane bones 


Roofing bones 


Lateral line 


Visceral 

skeleton; 


Maxillary arch Membrane bones 

Pterygoquadrate 
cartilage 

Membrane bones 
MeckePs cartilage 

Membrane bones 

l 

Hyoid arch 


Mandibular arch 


.Oil! arches. 


Otic 

Optic 

Nasal 


Basi-, ex-j ^ and 'supra- 
occipi'tals' , 

BasL and ali-, pre- -Md,, 
orbitosplienoids '■ 
Mesethmoids. ; 

I Pro-,', epi-5 opisth“j',,pter“ 

I and sphenotics (petro- 
[sal) 

(Sclerotics) 

Ectetlimoid, turbinals 

Parietals, frontals, na-' 
sals, pre- and post- 
f rentals, supra- and post- 
orbitals, supratemporal 
Lacrimals, infraorbitals 

f Premaxilla, maxilla, 

I zygomatic, quadratojugal, 

I squamosal 

J Pterygoid (meta-, epip- 
[ terygoidj,quadrate (incus) 

f Entopterygoid, ectoptery- 
I goid, palatines, vomers 

j Articulate (malleus), men- 
\ to-Meckelian 
Dentale, splenial, coro- 
noid, angulare (tym- 
panic), surangulare, 
goniale 

Hyomandibulare (stapes), 
symplectic, interhyal, epi-, 
cerato-, hypo- and basi- 
hyal (corpus, copula), col- 
umella (lesser cornua) 
Pharyngo-, epi-, cerato-, 
hypo-, basi-, hyobran- 
chial (copula, greater 


cornua) 


In urodeles (fig. 93) and cscilians a slender process extends from 
the quadrate across the poorly developed tympanic cavity to articu- 
late with the stapes. In the anurans there is no connexion of quad- 
rate with stapes, but a slender rod, the coliunella, extends from the 
tympanic membrane to the stapes. This columella arises behind 
the tympanic cavity, but with growth is included in it, so that in the 
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adult .it; appears to run directly through the cavity. ■ In the', saiirop- 
sida (figs.,72',,8i)j the relations are much' as in theanura^ but when 
ossification sets in, the columella may form several elements. In de- 
velopment, the columella in these forms is directly connected with 
the hyoid arch 


' ' In the 'mammals a chain of three bones carries the sound waves 
across' the, tympanic cavity (figs:82, 223). . . In the fenestra vestibuli is 



Fig. 81. — Diagram of the middle Fro. 82. — Diagram of ear bones of embryo 
ear of a lizard, after Versluys. a, pig, the tympanic cavity laid open, g, goniale; 
articulare;. columella; ec^ extra- incus; Ij, lower jaw; malleus; mk^ MeckeFs 
columella; hyoid; ie^ inner ear; cartilage; manubrium of malleus; stapes; 

pterygoid muscle; <?, oral cavity; squamosal; s, zygomatic. The outlines of 
po^ parotic process; pi, pterygoid the zygomatic arch and the hind end of the jaw 
bone; stapes; t, tympanic cavity; are dotted. 
im, tympanic membrane. 

the stapes, which connects with an incus, and lastly comes the mal- 
leus, which has two long processes, a manubrium which is inserted in 
the tympanic membrane, and a processus anterior (Folian process) 
which extends into the petrotympanic (Glaserian) fissure of the 
temporal bone. That these parts are not to be compared to the 
columella of the sauropsida and anura is shown by the fact that they 
invade the tympanic cavity from in front and that they are in front 
of the chorda tympani nerve, the columella of the non-mammals 

The homologies of these parts seem clear. In development the 
malleus is the posterior end of Meckel’s cartilage, being in the posi- 
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tioB of. tlie articulare of,, lower groups., .■ It 'articulates with the inciis^ 

, ..which ' in tiim, at first . articulates:with lhe;wmll, of the otic capsule, 
as well ,as with the steipes, and. thus., corresponds to' the quadra.te. 
..The .stapes is. apparently , the same 'throughout the .whole of the^ 
'tetrapod.a. It is ''.to be noted that many paleontologists .deny, the 
'■ homologies ..recognized here.,, think that in .the. .mammals'. the, quadra 
has been lost in' the. glenoid fossa, and 'find the, malleus 'and in 
.the .co.lum,ella. For this they have no evidence except conipariso'ns 
■ .with certain tlieriomorph reptiles. The literature, 'which is extensive, 
should be consulted for details. 

The Skidl in the Different Classes. "' 

CYCLOSTOMES have only the cartilage skull, and this can be ho,iiio!og,ized 
only in part with that of other vertebrates; indeed theskuiis of the,,'„.two' groups' of 
cyciostomes are not. easily compared. The peculiarities: are in part due, to the 
development of a suctorial mouth with its ne- 
cessary framework. The chondrocranium of- 
the Ammocoete stage of Petromyzon is readily 
understood. Parachordals, otic capsules and 
trabeculiE (fig. 83) are normal, but a pair of 
ventral horns (h) are problematical. Their posi- 
tion in front of and below the otic capsule renders 
doubtful the interpretation of hyoid or quadrate 
sometimes given them. 

The adult Petromyzon (fig. 84) has a typical 
brain trough, roofed by a slender synotic tectum 
and fibrous tissue, and closed in ront by the 
unpaired nasal capsule, bound to the rest b}?- 
fibrous tissue. The cranium is continued forward 
by a large plate (mesethmoid?) lying dorsal to Ss.—Early chondro- 

the mouth, this part being roofed by two dorsal Petromyzon, after Schneider, 
cartilages/ the anterior articulating with the an- h, hyoid; nc, notochord; oc, otic 
oular cartilage supporting the mouth, A suboc- parachordal; tr, 

ular bar extends forward from each otic region 

and an elongate lingual cartilage reaches from the mouth back to the gill region. 
,':'Severar .other,. elements .'Occur, the'„.names and . .positions of' which, may be' seen 

fr.o,m.„'the.,'',fig'ur..e,s. '.'' 

The myxinoid skull (fig. 85), the;' development of mdiich is. unkno.mm., ; is 
; .'readily inte.rpreted so' far as basilar' plate, '".trabeculse.' and .otic capsules are. .con-, 
...: cerned. ' The' large .nasal capsule is continued, forward. by a latticed framework,' 
':..'fbr ;.'..t'he. ,naso-h3/p^ 'Canal and: a bar ' (subocular).' 'joins the' trabecula; " of 

'/either side and '...in.' front:.^^^ 'Cartilage, " ' The.".. .lingual .car-. 

■; tilage:.':'is:'e'no.rmGus'.' (Is,, .'it.; the',,iower. jaw, as:.has . been suggested?):, :is..divid.^ 
three segments and bears a dental plate with teeth at its tip. . There.,are.. cartilage 
axes to the tentacles around the mouth. 
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The brandiial skeleton' o,f the lampreys- consists of a gill basket of contmnoiis 
cartilage with fenestr^e for the gills and above. and below them as well. It can- 
not be homologized vrlth' the "branchial- skeleton of other vertebrates , as it lies 



Fig. 84.— Ventral and lateral views of the skull of lamprey {Petromyzon marinus), 
after Parker, ad, anterior dorsal cartilage, bb, branchial basket; gc, gill cleft; ICf labial 
cartilage; Idntf lateral distal mandibular; Ig, lingual cartilage; nc, nasal capsule; oCf otic 
capsule; on, optic nerve; pc, pericardial cartilage; pd, posterior dorsal cartilage. 

immediately beneath the skin and is lateral to gill pouches and aortic arches. 
It is more easily compared to the extrabranchials (p. 74) of the elasmobranchs. 
The branchial apparatus of the myxinoids is reduced, consisting of two true gill 
arches, in front of which is another arch, usually interpreted as a hyoid. 



Fig. 85. — Side view of cranium of Bdellostoma, after Ayers and Jackson, b, basal 
plate; br, branchial basket; c, cornual cartilage; d, dental plate; h, hyoid; I, lateral labial 
cartilage; n, nasal tube; nc, notochord; 0, otic capsule; oc, olfactory capsule subocu- 
lar bar; sp, suprapharyngeal plate, , 

ELASMOBRANCHS have a nearly' typical chondrocranium (fig. 86) which 
is never divided into separate elements, and is never ossified but is often^calcified, 
The floor Is complete, . the hypophysis' -..resting’ in a sella turcica. Above, 



■'skeleton 

•there is an, anterior fontaneilej. closed by membrane,- and. a. posterior f,o,ntaii.elle 
■; may . .occur. The occipital reg.ion typically '■ articulates with , the- •' vertebral 
column by a pair of prominences, the -occipital condyles, but in most species -this 
joint, is not functional, the skull being .immovably united to the backbone, ,,,■ In 
front the snout is- supported by rostral cartilages, . usually three in 'number, biit- 
these are frequently fused to a single mass. 

: The pter3^goquadrate and the Meckelian cartilages bear teeth' and form the 
functional jaws. -• Most species are hyostylic (p. 8o),.the pterygoquadrate .being, 
supported in front of the orbit by a ethmopaiatine ligament on either side; behind 



Fig. 86. — Skull of Sqmtim^ after Gegenbaur. h, hyale; hmt hyomandibula; hr^ 
hyomandibular rays; l^. labial cartilages; m, Meckel’s cartilage; pq^ pterygoquad- 
rate; f, rostrum. 

by ligament and by the hyomandibula. In the Cestracionts the pterygoquad- 
rate articulates with the cranium in front (fig. So), but the hyomandibula is 
still suspensorial. The Notidanids are amphistylic, the hyomandibula being 
connected with the rest of the hyoid and not acting as a suspensor of the jaws, 
but the pterygoquadrate bears a strong process which articulates with the postor- 
bital process of the cranium. A fourth condition is found in the holocephalans 
where the pterygoquadrate, free in the young, becomes autostylic by fusion with 
the cranium. 

The variations in the branchial skeleton (figs. 73, 74) are readily reducible to 
the typical conditions. In living elasmobranchs the number of gill arches is five, 
except in Eexanchus and Chlamydoselache (six) and Heptanchus (seven). Hyoid 
and branchial arches bear numerous branchial rays which support the gills and 
the gill septa, while smaller cartilages on the inner surface of each arch extend 
into the gill strainers, 

TELEOSTOMES show a wide range of structure of skull, yet the series so 
intergrade that no sharp lines can be drawn. The chondrocranium persists to a 
considerable extent, and numerous membrane bones are present, supplementing 
those of cartilaginous origin. With few exceptions cartilage bones (the four 
occipitals, orbito- and alisphenoids and prootics are the most constant) 
are developed, while the inner waU of the otic capsule disappears, so that its 
cavity is connected with that for the brain. Even more characteristic is the 
presence of skeletal structures supporting the opercular fold which covers the 
external openings of the gill slits. This is in part of membrane bones, in part of 
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cartilage 'Or, cartilage' bones. ■ There .are - two parts to the opercular, foidj a gill 
cover ,o.r operculum above and 'a bran-chiostegal membrane below. The latter 
is supported by brancMostegai rays,' comparable to, the hyoid branchial rays of 
the eksmob'ranchs. wliile the operculum contains membrane bones, there being 
at most, four of tiiese: (%. S7) ' a preoperculuin in front, and. behind this in a 
row from above downward,, operculare, stiboperculum, and interopercii!iim« 
The, pieoperculiim overlies hyomandibula, symplectic ' and quadrate, and it is 
'possible that -'the opercular bones Tiave been developed in connexion with thC' 
,liyo.m,aiiciibuIar rays of the' elasmobranchs. There are five branchial arches, 
the last more or less reduced. Often they bear teeth on their inner surfaces, thus 
acting 'as. accessor3yc!iew,ing 'organs. 


The chondfostei, the most shark-like of the Ganoids, have no cranial 
cartilage bones. They are also primitive in the great development of the rostral 



Fig. 87. — Skull of mackerel (Allis), ar, articulare; d, dentaie; <?, exoccipitai; e??, 
entopterygoid; cj?, ectopterygoid; et, ethmoid;/, frontal; hm^ hyomandibula; io, intero- 
perculum; /, lacrimal; m, maxiUa; mp, metapterygoid; n, nasal; op, operculare; p, 
parietal; pe, petrosal; pj, postfrontal; pi, palatine; pm, premaxilla; po, postorbital; 
pop, preopercuium; prf, prefrontal; ps, parasphenoid; q, quadrate; so, suborbital; 
supraoccipital; suboperculum; sphenotic; sy, symplectic. 

cartilage (enormous in Polyodon), which gives the mouth its ventral position, 
and in the extension of the cranial cavity into the ethmoid region. They have 
a few bones in the visceral skeleton, while there are numerous membrane bones 
in the roof of the skull, a few of them readily homologized with those of other 
:'v#'tebrates'. ■ 

In other ganoids (holosteans and crossopterygians) the skull is much like , 
that of the teleosts, differing in the extension forward of the cranial cavity. 
There are one {Amid) or tw’^o {Polypiems) gular bones developed between the 
rami of the low'er jaw^, and in Polypiems parietals, frontais and nasals fuse with 
age, and there are numerous small bones in the cranial roof, developed along the 
lateral line canals. Amia has several splenials in the lower ja-w. 
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. Teleosts (figs., 87, 89-91) .'have a considerable range of' skull structure.' In^ 
the dower groups like siluroids (fig. 89) and cyprinids, the , cliondrocraiiiuni ' is' 
largely persistent and the cranial cavity extends into the ethmoid region as in the 
higher ganoids. In other teleosts the trabeculae are approximate between 
the orbits (tropibasic) and develop a thin interorbitai septum which limits the 



Fig. 88. — Chondrocraniimi of Polypterus^ after Budgett. afferent artery to 
external gills; branchials; ch, ceratohyal; hh, liypohyai; hniy hyomandibula; lb; 
labial; Mk, Meckel’s cartilage; op, operculum; pq, pterygoquadrate; sh, stylohyal, 
2, 5, 7, nerve exists. 

anterior end of the cranial cavity. The cartilage bones are more numer- 
ous. Ail four occipitalia are present, the occipital condyle being formed by 
basi- and exoccipitals. Basi, ali-, and orbitophenoids occur, and besides 
ectethmoids a pair of mesethmoid ossifications. In the otic capsule there are 
usually pterotic and sphenotic ossifications. 



Fig. 89. — Inside of cranium of Amiums (Kindred), as, alisphenoid; ho, basioccip- 
ital; eb, epiphysial bar; eo, exocdpitai;/, frontal; 7 is, nasal septum; os, orbitosphenoid; 
pro, prootic; ps, parasphenoid; se, supraethmoid; so, supraoccipital; spo, sphenotic; 
sqp, squamoso-pterotic; d, vomer. 

The cranial roof is largely formed by the frontals and parietals, the latter 
frequently separated by a strong process of the supraoccipital. Several of the 
cartilage bones are visible from above. The roof of the mouth is formed by 
the large parasphenoid and the vomers. Premaxillge (rarely lacking) and 
maxillaries form the upper jaw, both usually bearing teeth, but occasionally, 
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fit 


by o¥erd€¥eiopment of the, premaxiilag, the maxlE^ is excluded .from the margin 
„ ol.tlie, jaw. ' , 

Instead of, the single pterygoid, of. higher vertebrates there' are three bones, 
an' entopterygoid adjoining the palatine, a mesopterygoid (ectopterygoid) which 
•extends back to the quadrate, and a metapteiygoid above the quadrate (fig. 91). 
When the h}’'© mandibular cartilage ossifies it forms a hyomandibular bone from 
its upper portion and a symplectic (an element not known outside the teleostomes) 

which supports the quadrate. A, small 
bone, the Interhyal, intervenes between 
the hyomandibiila and the rest of the 
hyoid. The hyoid copula consists of 
several elements, the anterior, which 
supports the tongue being called the 
entoglossal, the posterior, which con- 
nects with the branchial arches, the 
urohyal. The fifth gill arch consists of 
a single element on either side, the 
hypopharyngeal bone, which usually 
bears teeth, the hypopharyngeals of the 
two sides being fused in the plectog- 
naths, forming a pharyngeal jaw. The 
upper elements of the other arches are 
frequently expanded, bear teeth, and 
are called epipharyngeal bones. 

Dipnoi. — In the three existing genera 
(fig. 92) the skull is comparatively 
uniform, but the fossils, beginning in the 
Devonian, have a wide range of struc- 
ture. In the former the cavity of the 
chondrocranium extends to the ethmoid 
region and the nasal capsules have a 
second opening, corresponding to the 
inner nares (choanae), inside the oral 
cavity. The pterygoid is fused with 

-Dorsal side of cranium’ df , and there are 

mackerel (Allis), eo, exoccipital; epo, epio- one (Froiopterus) or two (Ceratodus) 
tic; elh, ethmoid; frontal; na, na'sal; 00 , labial cartilages connected with the 

: de,ithrum. ■ ■ mo' .cranial cartilage bones, but in the ■ 

other genera a plate composed of fused 

ex- .. 'and: 'supraoccipitals occurs. 

The membrane bones are few, but their homologies are not always certain. 
The roof is largely formed by an unpaired bone in the position of frontals and 
parietals, in front of which is a median bone (stipraethmoid, dermal ethmoid 
or fused nasals) above the nasal capsules. In Ceratodus a bone of uncertain 
homology occurs on either side of the fronto-parietal, but it is lacking in the 
others, unless it be represented in Froiopterus by a pair of bones which abut 



Fig. 9o.~ 
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against, the, supraetlinioid. and overlap , the fronto-parietals., , The, otic capsule, 
and quadrate are covered by a. squamosal, and thereof of the,moiitli Is formed,' 
by a large parasphenoid, in front of which are a pair of palatines. ■ , In advance of 



Fig. 91, — Pterygoids, suspensorium and operculum of mackerel (Scomber) after 
Allis. entopterygoid; ep, ectopterygoid; hm, hyomandibula; io, interoperculum ; 
mtp, metapterygoid; op, operculare; pi, palatine; po, preopercuium; q, quadrate; sop, 
suboperculum; sy, symplectic. 



these last are a pair of large teeth resting directly on cartilage, their bases repre- 
senting the greatly reduced vomers. The lower jaw has three bones on either 
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■ side, a small deatary, a larger angulare, and an eiiornions spleniai, whicli alone 
bears teeth. , 

' In Ceraiodus there is a hyomandibula fused to the cranium behind the exit of 
the seventh nerve, but elsewhere there ^ only the hyoid. The operculum has 
one or two elements (operculare and intefbperculiim) the free edges of which bear 
cartiiaginous rays, and the gill arches are five in Ceratodus, six in the other genera. 
A peculiar feature of Protopterus and Lepidosiren is the so-called cranial rib,. a 
slender cartilage bone articulated with the chondrocranium below the occipital 
plate, and' extending backward and downw^ard across the shoulder girdle (fig. ■ 
92,. Cf). 



Fig. 93.p~-Chondrocramum of Amphiuma. c, cornu trabeculae; hf, basal fenestra; 
d, forarnen for endolymph duct; ethmoid plate; ep, epipterygoid process; fenestra 
vestibuli; w, Meckel’s cartilage; n, notochord; nc, nasal capsule (Pectethmoid); oc, otic 
capsule; p, parachordal; po^ postotic pillar (ist occipital vertebra) ; g, quadrate; a*, 
stapes; si, sphenolateral; t, trabecula; 2-8, nerve exits. 

In those extinct Dipnoi which are united with the recent genera to form the 
order Sirenoidea, the skull is much as in the existing forms, except for the more 
numerous bones. In the Arthrodira (formerly called placoderms) the cranium 
is hinged to a large plate w’-hich covers the anterior part of the trunk, and the 
skull is roofed with a few large plates, some of w^hich may be homoiogixed w-ith 
those of the sirenoids, the others not being readily compared wdtli the bones of 
■other vertebrates. The suggestion has been made that the problematic fossil 
.Palmas pondylm resembles, in its skull, the larvse of the dipnoans, the adults of 
which were common in the same seas, 

AMPHIBIA. — Several points distinguish the amphibian from other skulls. 
The chondrocranium (fig. 93) is platybasic (p. 69); except for a small synotic 
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tectum frequently present, it is not roofed by cartilage; the otic capsule has 'a 
fenestra vestibuli occupied by the' stapes, a development ' connected' 'with the 
power of hearing (p. So); there are two occipital condyles; and the quadrate is 
immovably united to the cranium by two processes, an otic process, joining the 
otic capsule, and an ^ascending process’ which reaches the sphenolateral cartilage 
(ep), and which, in many reptiles, often ossifies as the epipterygoid' bone'. 

The cartilage cranial bones are few. Usually only exoccipitals are, developed 
in the hinder region, while the rule is a single petrosal (prootic), but occasionally 
epi-, opisth-, and ptero tic occur. There is but a single pterygoid, while basi-, 
pre», and alisphenoids are not ossified. The membrane bones in existing amphi- 
bians have separated from the integument and have sunk to a deeper position 
than in fishes, but in many stegocephals the presence of grooves for the lateral 
line system would indicate a close connexion between skin and bones. In the 



Fig. 94. — Skull of a stegocephalan {CapUosaums) after Zittell. eo^ exoccipital; 
ep, tabulare;/, frontal; ju, zygomatic (jugal); lacrimal; mxj maxilla; na^ nasal;'^^o, 
orbit; pa, parietal; pmx, premaxilla; par, postorbital; prf, prefrontal; ptj, postfrontal; 
gjf quadrate jugal; so, dermoccipital; $q, squamosal; st, supratemporal. 

latter group the membrane bones are numerous, but in existing species they are 
noticeably reduced. Except in stegocephals and the caecilians there are large 
vacuities in both fioor and roof of the skull. The lower jaw also has a reduced 
number of bones, there being at most five, including the articulare and the 
'.mento'-Meckelian. „ 

The most primitive conditions occur in the stegocephals (fig. 94), where, as 
the name indicates, the dorsal surface is covered, leaving only gaps for the eyes 
and nostrils. In general the account of the skull given on p. jsff will apply 
to these forms, and so far as the dorsal surface is concerned little more needs to 
be said, aside from the fact that the supratemporal is sometimes transversely 
divided, that an interparietal foramen occurs (indicating the existence of a 
parietal eye), that the bones called dermoccipital may be interparietal, and that 
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the scleroties are common. The floor of the cranium is formed by a large para* 
sphenoidj bordered in front by a pair of (usually tootlied) palatines^ in front of 
which lie the' vomers. Of the cartiiaginous parts almost nothing is known; a 
feWj clearly larval forms, have well-developed branchial arches preserved. 

Of the Gymnophiones (csecilians) the cartilage skull is known only in Ickiky- 
,,/Ophis; its peculiarities are the reduced parachordals, an ethmoidal nasal septum^ 
a stapesy perforated' as in mammals, and sphenolateral and trabecular cartilages 
more distinct than in most amphibia. Most noticeable of the cartilage bones is 
die ethmoid, while otics and .exoccipitals are fused as are quadrate and pterygoid. 
The membrane bones form a complete roof to the skull, recalling the stego* 
cephals,,but the number of bones is smaller, squamosal, supratemporal, zygomatic 



and quadratojugal being absent, while a large prefrontal and a larger postfrontal 
(usually called squamosal) occur. In the roof of the mouth maxilla and 
palatine are fused, the vomers distinct, while the united parasphenoid and basi- 
occipital form a large os basale. In the louver jaw there are only dental e and 
angulare, the latter being produced behind the articiilare in a remarkable way. 

In the cartilage skull of the Urodeles (fig. 93) the pterygoid does not usu- 
ally reach the anterior part of the skull, but projects as a process from the quad- 
rate, which bears, besides the two processes already mentioned (p. 01), a 
palatobasal process joining the otic capsule in front of the otic process. Carti- 
lage bones are few; supra- and basioccipital, alisphenold and ethiiioids are 
lacking; the otics fuse to a single petrosal; an orbitospbenoid occurs and ci'uadrate 
and pterygoid are continuous. 

The roof of the adult skull is chiefly formed of parietals, frontals and nasals, 
the latter being frequently separated by processes of the preniaxiilre. Each 
frontal has a ventral process which limits the cranial cavity in front; there is 
usually a prefrontal, and a septomaxillary may be developed on the postero- 
lateral part of the nasal capsule. A supratemporal is always lacking, the squa- 
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mosal extending up to the parietal. The upper jaw is composed of premaxillas 
and (except some perennibranchs,' fig. 96) maxillae; a zygomatic is always absent 
and the quadrate jngalj formed in theTarva, fuses with the squamosal.' 'In 
the roof of the mouth are the large parasphenoid, frequently with teeth, and a 
pair of vomero-palatines, the choanse lying behind the vomerine' portion, which 
is farther back than in the dipnoi (fig. 95). 

In the lower jaw Meckel’s cartilage persists, its , hinder end forming , the 
articulare, with an adjacent angulare, while in front it is surrounded by ' the 
dentale and splenial, each bearing Teeth. In the larvm the branchiarskeleton 
is nearly typical/ there being a hyoid and four gill arches. In the adult, with' 
tiieToss of aquatic respiration, the posterior arches , are reduced or even disap- 
pear, those remaining being connected by a one- or two-jointed copula. 



Fig. 96.— -Skull of Proteus, after Wiedersheim. bh, basibranchial; ceratobran- 
chial; ck, ceratohyal; d, dentale; eb, epibranchiai; eo, exoccipital; /, frontal; p, parietal; 
pm, premaxilla; g, quadrate; sq, squamosal; st, stapes; v, vomer; cartilages dotted. 

The chondrocranium of the larval Anijra (Rana^ fig. 97) differs consider- 
ably from that of other amphibia as well as from the adult conditions. Like all 
amphibians it is platybasic. The pterygoquadrate has, besides the normal otic 
and epipterygoid processes, a cranio-quadrate process connected with the nasal 
region, in front of which is the articulation of the lower jaw. In front of the 
cornua are a pair of suprarostral cartilages and a similar pair of infrarostrais lie 
in front of the Meckeiiaii, from which they are apparently derived. These 
four rostrals form a ring around the suctorial mouth and recall the labia! 
cartilages of the elasmobranchs and the annular cartilage of the cyclostome 
mouth; ■ 

At the time of metamorphosis the changes are great, and as the result 
(fig, 98) is more like the chondrocranium of other amphibia, the larval condi- 
tion must be regarded as adaf)tive’ rather than ancestral. The suprarostrals 
disappear and the jaw shifts the hinge back to the normal position, this being 
accompanied by the elongation of Meckel’s cartilage, an absorption of the 
ascending process and a folding of the pterygoquadrate bar. At the same time 
a pterygoid grows out in' front to join , an antorbital process from the cranium. 
A stapes develops ' and connects with the columella, which meets the tympanic 
,membrane. This membrane, is stretched on a cartilaginous tympanic annulus,' 
derived , from, the ; pterygoquadrate. (Annulus and columella are lacking in 
those, genera, , Bombinator^ , etc. , ■, : which '. have . , no . ' tympanum). ; There „ is ^ no 
connexion between stapes and quadrate. 
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■Tlie diondrocranium largely persists, the. only constant cartilage bones being 
the exoccipitals and prootics. A snpraoccipital rarely' occurs and basioccipitai 



Fig. 97. — Chondrocranium of tadpole of Rana before the metaD-iorphosis; after 
Gaupp. c. ant, anterior canal; car, foramen for carotid; els, superior labia! cartilage; 
cif, cornu trabeculae;' c, external canal; fe, - ethmoid fenestra; , w, Meckel’s cartilage; 
pc, posterior canal; otic process of quadrate;'. ascending process of quadrate; 

q, quadrate; tm, tectum medialis; I/-;;?, ■ tjenia tecti m'arginalis ' (raised border to side of 
letters): tectum synoti cum; I- F, nerves and nerve exits. 


trned 



Fig. 98. — Chondrocranium of a frog after metamorphosis, from Gaupp. fav, fenestra 
vestibuli; m, MeckeFs cartilage; mtg, metapterygoid; nc, nasal capsule; ptgq, 
pterygoquadrate; tnas, tectum nasalis; tsyn, tectum synoticum; timed, tsenia tecti 
;;mediaIis;,iX^-'F,'nervei^ 

and basisphenoid are unknown. In the ethmoid region, except in the aglossa, 
there is a peculiar bone, the sphenetiimoid,- 'which arises as two bones on either 
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side. These fuse, forming a ring (‘os en ceintureO around the olfactory 
nerves and the anterior end of the brain. ■ 

The frontals and parietals of a side are fused and often the fronto-parietals 
are continuous across the middle line. They may extend to the nasals or there 
may be a gap between, leaving the sphenethmoid visible from above (fig. 99). 
A large squamosal extends above the quadrate, from the otic region to the angle 
of the, jaw. The upper jaw consists of premaxilla and maxilla, and, except 
in the aglossa, of quadratojugal. The pterygoid cartilage persists, but is over- 
laid by a membrane bone, also called the pterygoid. Slender palatines, trans- 
verse to the axis of the skull, are lacking only in the aglossa, while small vomers 
are almost always present. The floor of the cranium is completed by aX-shaped 
parasphenoid, which extends to the premaxilias in the aglossa, elsewhere only 
to the sphenethmoid. 

In the lower jaw there is a mento-Meckelian in front, followed by dentale 
and angulare; MeckeFs cartilage persists through life. The larval branchial 
and hyoid arches are typical, there being four gill arches. With the loss of gills 
the posterior arches disappear, and the broad hyoid plate of the adult has four 
processes which are new formations. 



Fig. 99.— Dorsal and ventral views of skull of toad, Bufo americanus. d, dentale; 
eo, exoccipital; fronto-parietal; mm, mento-Meckelian; mx, maxilla; n, nasal; 
palatine; premaxillary; prot, prootic; ps, parasphenoid; pt, pterygoid; qj, quad- 
ratojugal; sphenethmoid; 5^, squamosal; vomer. 

REPTILES,— The skull of existing reptiles is very different from that of 
amphibians, but that of many theriomorphs is strikingly like that of the stego- 
cephalans. The principal differences alluded to in the first sentence have arisen 
by reduction and disappearance of bones appearing in the more primitive types, 
but aside from these there is little except the parasphenoid to separate the two 
;groups.'„' , . ' .. , 

The chondrocranium is known in but a few forms and these agree with other 
amniotes in being tropibasic (see fig. 72) e^tcept in snakes and amphisbssnans. 
In the adults cartilage largely disappears, except in the ethmoid region, more 
persisting in Spkenodon (figs. 78, 100, 106) and the lizards than elsewhere. AD 
four ocdpitalia are ossified, but some may not participate in framing the foramen 
magnum, the basioccipital being excluded in many cheionians, the supraoccipital 
in snakes, crocodiles and theriomorphs. There is but a single occipital condyle 
(except in a few theriomorphs), which is borne on the basioccipital as in the 
crocodiles, or on this and the exoccipitals as in cheionians and squamata. Basi- 
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and presphenoids are present , orbito- and alisphenoids are but sliglitiy ossified 
and tile ethmoid region is largely cartilaginous. Pro-, epi- and opisthotks are 
present, the epiotic fusing with the supraoccipitai, v/hile the opisthotic In ail 
recent forms except the turtles unites with the exoccipital in the adult. 

In all' except the sqiiamata, in which it is movable (streptostyiic)^ the quad- 
rate is . firmly united to the squamosal and sometimes to other bones (monimo- 
styHc). The pterygoids extend forward to the palatines. In the squamata and 
the ichthyosaurs pterygoids and palatines are widely separated in the middle 
line, but elsewhere they are closely approximate, the pterygoids even meeting 
the basisphenoid. In ail except chelonians, some dinosaurs and the typhlopida 
an ectopterygoid (os transversum) extends from- pterygoid to iiiaxiik (figs. 102^^ 



Fig. ioo. — Chondrocraniiim of Sphenodan, stage after Howes and Sjvinnerton. 
ep, epipterygoid; es^ ethmosphenoidal plate; ex, extranasal (ectethmoid) cartilage; expj 
extranasal process; /?, hyoid; mk^ MeckePs cartilage; nc, nasal capsule; oc^ otic capsule; 
pt, pterygoid; g, quadrate; sb, subnasal process; 1-5, exits of nerves. 

107, 109, tr), while in plesiosaurs and most lizards (kionocraniate) ossification of 
the ascending process of the quadrate forms an epipteiygoid bone between the 
pterygoid and the parietal. 

Membrane bones are more numerous than in the amphibians. In many 
theriomorphs there is a supratemporal fossa between parietal and supratemporal 
bones and the same is true of plesiosaurs, ichthyosaurs and chelonians. In the 
rhynchocephals, dinosaurs, pterodactyls and crocodiles there is in addition, an 
infratemporal fossa, bounded laterally by an arcade in which squamosal, quad™ 
ratojugal and zygomatic participate in varying degrees. In the lizards the two 
unite |in a single temporal fossa by the disappearance of the upper arcade, and 
lastly, in the snakes the lower arcade is lost and 'the fossa becomes a gap in the 
side of the skull. A few forms have a post'temporal fossa between parietal, 
supratemporal and occipital bones, the'ppisthotxc and squamosal sometimes 
entering its boundaries. 



SKELETON 


97 .. 


.Parietals and frontals are usually paired,; a parietal foramen being Gommon; 
pre- and postfrontais usually occur,, sometimes excluding the frontal from the 
■orbit., Lacrimals are common and the margins of the upper jaw are formed in 
front by premaxilla and maxilla, the latter connected with the squamosal, 
sometimes by zygomatic and quadrato jugal, or the zygomatic, may drop out, or 
lastly the jaw may end with the maxilla. ' Several membrane bones may aid in 
the formation of the roof of the mouth. There is a small parasplienoid in.. ich- 
thyosaurs,. plesiosaurs, many sqiiamata, some rhynchocephals, and rarely in 
turtles. . It is usually associated with the basisphenoid and in ophidia it' forms 
the base of the interorbital septum. The vomers are paired except, in the ehelo- 
nia, and only in .Sphenodon of recent species do they bear teeth, and .here but 
one to each bone. The maxillae usually have broad palatal processes extend- 
ing toward the middle line, causing the choanae to open farther back, and in some, 



Fig. ioi,— -T heromorpli skulls. Seymouria' B, Panytilus (Willis- 

ton); C, Cymgnalhus (Gregory), g, angulare; ar, articulare;^f, den tale; da, dermocci- 
pital; /, frontal; i, lacrimal; maxilla; n, nasal; parietal; pf, pof, postfrontal; pm, 
prema>:illa; po, postorbital; pr, prefrontal; q, quadrate; qj, quadrato jugal; sa, surangii- 
are; squamosal; ^/, supratemporal; tabulare; s, zygomatic. 

these, together with the palatines and pterygoids, form a false palate, ventral to 
'the nasal passages, so that,' as in the crocodiles, the choanas are carried far back, 
in. the mouth, ' In some dinosaurs there is a rostral bone in front of the pre-; 
maxillse'. . ' ■ ■ ■ 

The two halves of the lower jaw are united by ligament in most rhyncho- 
cephals, snakes and pythonomorphs; by, suture in crocodiles, rhynchocephals 
and lizards ; while they are fused in turtles' and pterosaurs. All of the bones men- 
tioned on page 79 may occur in the lower jaw, usually with distinct sutures, 
while in crocodiles (fig. 109), theriomorphs and some dinosaurs there are gaps or 
vacuities in its walls. In many dinosaurs there is a predentary bone at the tip 
of the jaw. Except in the cheloiia and a few isolated forms, both jaws bear 
teeth, which may be restricted to maxillaries and premaxillaries, or may also 
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occur ■ on .palatines, vomers and pterygoids. In their fixation three types are 
found: acrodonts when fused to the margin of the bone; pleurodontj when fas- 
tened to the side of the bone; and, thecodont, when implanted in sockets.. 

The hyoid apparatus is much -modified,- but is adequately known only in 
recent species. The branchial arches are usually better developed than the 
hyoid proper, which is cartilaginous in most snakes and is lacking in the croco- 
diles. In the chelonia (fig. 104) two branchial arches are usually present. 

The Theriomorphs (fig. loi) have a short, broad skull with parietal fora- 
men; and that of the cotylosaurs was much-like that of the stegocephals. In the 
more differentiated groups the skull recalls that of mammals, especially in the 



Fig. 102. — Skull of Plesiosaurus macrocephalus, after Andrews, ang^ angulare; 
art, articuiare; ho, basioccipital; bs, basisphenoid; ch, choana; d, dentale;/?*, frontal; 
iptv, interpterygoid vacuity; j, zygomatic (jugal); mx, maxilla; orb, orbit; pa, parietal; 
pal, palatine; pas, parasphenoid; po + pof, postorbital and postfrontal; pmx, premaxfi- 

prf, prefrontal; pi, pterygoid; q, quadrate; sang, suranguiare; sj, supratemporal 
fossa; SOI}, suboptic vacuity; sq, squamosal; tr, transversum. 

participation of the squamosal in the hinge of the jaw. Lacrimals are occasion- 
ally absent, scierotics sometimes present. The palatal region is known in a few 
forms. The pterygoids may meet only in front, leaving a vacuity between them 
and the basisphenoid, or they may meet that bone. The choanae are in front of 
the palatines but (tlieriodonts) may be displaced backward by palatine processes 
of the maxiliaries. 

All four occipitalia are developed; the occipital condyle is tripartite, being 
formed by basi- and exoccipitals, but in Cynognathus the recession of the basi- 
occipital results in a dicondylic condition. The greatest variations occur in the 
temporal region. In the low^er cotylosaurs the cranial roof is without fossae 
(Broom doubts the infratemporal fossa of Procdophon), In other therDmorp>hs 
quadratojugal and supratemporal are ■ lacking, the squamosal meeting the 
parietal. Flacodus has only the supratemporal fossa, but in the majority the 
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upper arcade has disappeared, leaving a large temporal vacuity,' much as in 
mammals. 

Little is known of the lower jaw. The bones are sometimes discrete^ some- 
times extensively fused. The teeth are thecodont, and in the theriodonts are: 
differentiated . into incisors, canines and molars, but in the anomodonts teeth 
are absent, or at most there is a pair of large incisors in the upper jaw. 

In the Plesiosaurs (ffg. 102) and their allies the skull is about a twelfth of 
the total length. There is a parietal foramen between the parietals, which have 
a process for articulation with the squamosal, the supratemporal being absents 
The large prefrontais intervene between the frontals and the orbits; lacrimals 
and usually nasals are absent. The large temporal fossa is bounded externally 




Fig. 103. — Dorsal and ventral views of the skull of turtle, Trionyx, ho, basioc- 
cipital; basisphenoid; eo,es, exoccipital;/, frontal; j, zygomatic (jugal); m, mx,, 
maxilla; n, prefrontal; apis, opisthotic; (behind orbit) postfrontal, (others) parietal; 
palatine; pmx, premaxilla; pno, prootic; pt, pterygoid; q, quadrate; y, supraoccipital; 

''vomer. ■" 

by the zygomatic which extends back to the quadrate. The choanse are in front 
of the palatines; an os transversum is present and there is frequently a para- 
sphenoid in the interpterygoid vacuity. All have a subtemporal vacuity and 
there is another in the plesiosaurs in the angle between palatine and transversum. 
The usual bones are frequently distinct in the lower jaw. 

In the Chelonians the cranial cavity extends forward between the eyes and 
the mesethmoidal cartilage largely persists in the adult. Although the bones 
are comparatively few, the skull is primitive and can only be derived from that 
of the cotylosaiirs. The bones are firmly united, but the sutures are evident 
(fig. 103). The basioccipital is usually excluded from the foramen magnum, 
and it and the exoccipitals participate in the tripartite occipital condyle. The 
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supraoccipitai is often prolonged into an occipital spine and is fused with the 
epiotics. The basisphenoid is present, but pre-, aii- and orbitosplieiioids are 
not ossified, a descending plate of the parietal taking the place of the alispheiioid. 
The pterygoids meet the basisphenoid and may extend to the basioccipital. No 
eetopterygoid is present. The monimostylic quadrate is large and expanded 
. laterally to support the tympanic membrane, and notched or perforate behind 
for the- columella, 

Tn the most primitive clielonians a complete false roof is. formed by the ex- 
panded postfrontals, parietals and squamosals. In most of the ■ species the 
recession of the parietals and squamosals causes a large gap, bounded in front 
by postfrontal and jugal and exposing the otic bones. Laterally this gap is 
limited by an arcade of squamosal and quadratojugai, but the latter may be 
reduced or {Cistuda) absent. In front of the frontals are a pair of bones, which 
bound the single naris behind. These occupy the position of lacrimals, nasals 



Fig. 104. — Hyoid apparatus of Trionyx. first and second branchial arches; hk^ 

basihyal (copula); reduced hyoid; cartilage dotted, 

and prefrontals, and are called by the latter name. True nasals are rare. The 
premaxiilio are usualty fused; the maxillge have broad palatal processes and 
trenchant margins. They, together with the zygomatics, form the lower border 
of the orbit. 

The vomer is a single vertical plate separating the two choanas. The 
palatines, which bound the choan^ behind, are broad and are firmly united to 
pterygoids and basisphenoid. A parasphenoid is knowm only in Dermochelys. 
In the lower jaw the bones are often fused, the two halves being united. Again 
the bones may be distinct, the splenial being the least constant element. The 
hyoid apparatus consists of a cartilaginous copula and two pairs of cornua which 
do not reach the cranium. 

Ichthyosaurs have a short temporal region, but elongate nasals and pre- 
maxillaries form a long rostrum. There is a large supraternporal fossa and 
enormous orbits, bounded above by pre- and postfrontals, below by an elongate 
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zygomatic^' and containing, a sclerotic ring. The nares. are just in .front of the 
orbits and the parietal foramen is at the junction of 'frontals and parietais. ' AH 
four occipitalia bound the foramen magnum; the basisphenoid is short, the' 
presphenoid long; and the vomers are separated in front by the : pterygoids, 



Fig. 105. — Dorsal (A), posterior (JS); ventral (C), and lateral (D) views of the skull 
of Ichthyosaurus longifrons, after Woodward, an, angular; art, articulare; bOf basioc- 
cipital; hs^ basisphenoid; ea^ exoccipital; /, frontal;/, zygomatic (jugal); I, Ic, lacrimal; 
ndj maxilla; n, m nasal; nar, naris; oc^ occipital condyle; 00, opisthotic; parietal; 
paSf parasphenoid; pi, palatine; pmx, premaxilia; prf, psf, prefrontal; pt, pterygoid; 
ptf, postfrontal; pto, postorbital; q, quadrate; qj, quadra tojugal; sa, surangular; scl, 
sclerotics; spl, splenial; spt, supratemporai; sq, squamosal; st, supra temporal. 


leaving large pterygoid vacuities. The choana are far forward. Teeth (some- 
times absent) occur in grooves. The lower jaw has five or six distinct bones, 
and a rib-like hyoid has been found in some species. 



Fig. 106. — Side and posterior views of skull of young Sphenodon, after Howes and 
Swinnerton. Compare with fig. 78. Cartilage dotted; a, dentale; ar, articulare; 

basioccipital; cr, coronoid; eu, exoccipital; ej?, epipterygoid; ex, extranasai; /, 
frontal; //, hyoid; /, (jugal) zygoinatic; maxilla; nasal; 00, opisthotic; 
p, parietal; pf, prefrontal; pm, premaxilia; postfrontal; poo, postorbital; q, quad- 
rate; qj, quadratojugal; so, supraoccipital; sq, squamosal. 

The only living Rhynchocephalian is Sphemdon {Hatteria) of New Zea- 
land. It is lizard-like, but its skull (figs. 78, 106) differs in the three temporal 
fossae, the infratemporal arcade being osseous as in no lizard. Then the quad- 
rate is anchylosed to pterygoid, squamosal and quadratojugal. Premaxillse, 
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■maxilise and : palatines bear teeth; an epipterygoid is present and the lower 
margin of the orbit is formed by the maxillary. In the extinct genera the zygo- 
matic may bound the orbit below {Palaeohatteria), and the vomer may bear 
teeth, 

Dinosaurs have both supra- and infratemporal foss® and frequently a pre» 
orbital vacuity as well. The rostral and predentary bones have been men- 
tioned (p.' 97). The palatal region recalls that of Sphenodon^ except that the 
teeth, in grooves or sockets, never occur on the palatines. There are such 
variations in the skulls that few general statements can be made. 




Fig. 107.- — Skull of Gerrhonotus hnMcaUts, after Siebenrock. bo^ basioccipital; 
basisphenoid; eo, exoccipital; f, frontal; mx, maxilla; n, nasal; parietal; pf^ post- 
frontal; pl^ palatine; pm, pmx, premaxilla; prefrontal; pt, pterygoid; q, quadrate; 
qj, quadratojugal; sha, subocular; ^<3, supraoccipital; spt, supra temporal; sq, squamosal; 
tr, transversum; v, vomer. 

Statements which will apply to all Squamata are few. Except in chamaeleons 
the quadrate is movable, a quadratojugal is lacking, the boundary of the Infra- 
temporal fossa being completed by ligament. The external nares are separate, 
there are large vacuities in the fioor of the skull and the choan© are forward. 
An ectopterygoid occurs except in the typhlopids and all four occipitalia bound 
the foramen magnum. 

The chondrocranium. of the, 'Lizards :(lig. ■.■■72):,,.: while much like the geneA’iI 
type of tropibasic, is very light and is fenestrated to an extent not seen in the, 
ichtliyopsids. Among the peculiarities of the adult skull (fig. 107) are the fusion 
of exoccipital and opisthotic to form a * parotic process’ \vhich, together with the 
squamosal, supports the quadrate. There is a looseness of connexion of the 
front of the skull with the occipito-sphenoidal portion, these parts moving on 
each other. The hyoid apparatus bears two, cornua which either end freely in 
the neck or may reach the parotic process (fig. 312). 
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In the fossil Pythonomokths the striking features ■ are the large supratem- 
poral fosssBj the quadrate recalling that of chelonians; and the joint in the lower 
jawj between, dentale and angular regions, aUowing the jaw to bend on itself. . 

The Ophjdia. (snakes) lack ' .parotic process, parietal foramen, ' temporal 
arcades and epipterygoid, and have the squamosal' excluded -from the cranial 
wail. The attachment of the visceral skeleton to the cranium is loose, the 
pterygoid being connected to the other parts by a long bar, consisting of squa-: 
mosal and quadrate behind, and by transversum and palatine in front, features 



Fig. 108. — Skull of snake, Tropidonotus, after W. K. Parker, afij angular; av^ 
articular; ba, basioccipital; bSj basisphenoid; d, dentale; eo, exoccipital; epo, epiotic; 
/, frontal; mx^ maxilla; n, nasal; 00, opisthotic; parietal; pi, palatine; pm, premaxil- 
pro, prootic; ps, parasphenoid; pterygoid; q, quadrate; sa, surangulare; so, 
supraoccipital;5g,squamosai;^r5tra,nsversum.'.- 

related to the great distensibility of the jaws.-'- In the poisonous serpents the 
poison fangs, are either permanently erect, or they fold back when the mouth 
is closed. In the latter' the fangs are supported on the maxillae, which are 
moved- by a rod formed of quadrate, pterygoid and ectopterygoid. In the low^’er 
jaw distensibility is provided for by the' elastic ligament connecting the two 
halves in front. Some species have remnants of the hyoid apparatus, but 
occasionally ail are lost in the adult. 

When the whole series of Ckocodilia, .recent and extinct, is considered, the 
range of variation in the skull is considerable. In all, supra- and infratemporal 
fossse are present, the quadrate is immovable, there is more or less of a secondary 
palate, no parietal foramen, and the thecodont teeth are confined to the margins 
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of the jaws. In the complete series the gradual change of position of the ciioan® 
can be traced from the oldest, in which they are beside the vomers; then in the 
mesosuchia the palatines meet in the ' middle line, carrying the choan^ back as 
a single opening behind these bones; while in the recent species the pterygoids 
have also met, so that the choan^ are between them and the basispheiioid. ' 

Among the recent species (fig. 109) the basioccipital is excluded from' the 
foramen magnum, pre- and orbitosphenoids are imperfectly ossified, the nasals 
are long and the premaxillaries short so that the nares are far in front; parietals 
and usually the frontals are fused in the middle line. There are vacuities in 
both wails of the lower jaw, which is also pneumatic. 

Although there is no phylogenetic relation between the two 'groups, the skul! 
of the Pterosaurs is very bird-like in its length and in having its axis at right 



Fig. 109. — Skull of Caiman latiroslris, based on a figure by Reynolds; the irregu- 
larities of the surface omitted, an, angulare; art, articuiare; co, coronoid; d, dentale; 
eo, exoccipital; I, lacrimal; mx, maxilla; pf, postfrontal; pi, palatine; pmx, premaxilia; 
pt, pterygoid; q, quadrate; qj, quadratojugal; sa, surangular; sq, squamosal; tr, trans« 
versum; z, zygomatic, 

angles to that of the body, while the elongate premaxillae form a bird-like beak. 
The sutures between the bones are largely obliterated in the adult and the brain 
cavity recalls that of birds. The resemblances are heightened in some by the 
lack of teeth, in others they are in sockets. Both supra- and infratemporal 
fossse are present, as well as a large preorbital vacuity, sometimes united with 
the naris. Squamosal and quadrate are inclined forward so that the hinge of 
the jaw is often beneath the orbit. There is no parietal foramen and all of the 
bones of the jaw are fused, including those of the tw’-o halves. 

AVES.— The skull of birds is similar in many respects to that of lizards. 
The chondrocranium (fig. no) arises as two distinct parts, pre- and peri- 
chordal, which, on account of the great head flexure, are at an angle of 100® 
to each other, later increased to 160*^, which persists through life. There are 
three (or four?) occipital vertebrae behind the ear, the last being the most 
prominent, and there is a small synotic tectum. From the first the otic capsules 
are continuous with the basal plate, and the fenestra vestibuli is formed later 
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by resorption of ' the cartilage. The trabeculae are at first distinct: from each 
other as well as from the perichordal part; later they fuse in front of the hypo- 
physis to give, rise to the, base of the interorbital septum. In Tinnunculus the' 
ethmoid plate arises early as an intertrabecular mass/ from which, later, the 
dorsal part of the interorbital septum arises, as a backward growth of cartilage. 



Fig. no. — -Earlier and later stages of skull of bird {Tinnunculus) after Suschkin. 
alf sphenolateral'cartilage; ai, foramen for internal ophthalmic artery; hy basal plate; 

basipterygoid; iorhy interorbital plate; intertrabecula; wr, middle concha of 
nose; oty otic capsule; occipital vertebrae; pc, posterior semicircular canal; sorb, 
supraorbital; str, supratrabecula; tr, trabecula. 

Large sphenolaterai cartilages are connected with the otic capsules. The nasal 
capsules are complicated and later give rise to several centres of ossification. 
The quadrate is free from the rest of the cranium (streptostylic) and its ptery- 
goid process, the homologue of the pterygoid cartilage in other groups, is greatly 
reduced. The other visceral arches are much as in the adult (infra). 



Fig. 1 1 1. —Diagram (after Boas) of the movement of the upper jaw of birds. I, paia- 
, tine; quadrate;,,/-, pterygcid;,a,' zygomatic arcade. ■ ' 

: The hones are lighter than those of reptiles and are often, pneumatic, .that,,, is 
;are' penetrated, with .canals connected with the respiratory system- The' brain,; 
cavity is ,larger than in reptiles,;,, sutures' between :the bones' largely disappear, in : 
■ the adult,' a,nd the: single occipital condyle -(mostly basioccipital) is„,o,n,'the.fioor;.,Qf 
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the skull so that the axis of the skull is at right angles to that of the body. 1 here 
is only a single temporal fossEj bounded laterally by an arcade of zygomatic and 
qiiadratojugaij: connecting quadrate and maxilla. There is a preorbital 
Faculty; and the nares may have the posterior margin rounded (holorMnal) or 

slit-like (scMzorlimal). The premaxiil® are 



fused and sclerotic bones are common. 

A peculiarity of the ventral surface is the 
union of the anterior part of the parasphenoid 
to the basisphenoid to form a Vostrimi sphe* 
noidale’ which projects forv/ard in the middle 
line. The rest of the parasphenoid forms a 
^basitemporal plate’ below the basisphenoid 
and basioccipitai. Dorsal to the rostrum is a 
small presphenoid (sometimes lacking in the 
adult) to which the orbitosphenoids are at* 



Fig. 1 1 2. — Ventral view of skull Fig, 113. — Hyoid of hen, after Parker 

of a duck; U, basitemporal plate; entoglossal; p, paraglossal; u, urohyal; 

chj choaiia;eo, exoccipital; zygo- ,///, posterior cornua, 
matic (jugal); mx, maxilla; 
palatine; pmXj premaxilla; pt, 
pterygoid; g, quadrate; gj,quad- 
ratojugal; f, rostrum; vomer. 

tached as al©, while the alisphenoids become similar wings to the basisphe- 
noid, Ectethmoids are connected witii the mesethmoid; they are some- 
times large, appearing Cprefrontals’) on the top of the skull Epi- and ecto- 
pterygoids are lacking. The pterygoids, here membrane bones, extend 
from the quadrates to the palatines, and the two either slide along the rostrum 
or the vomers intervene. This, together with the hinging of the front part of 
the skull upon the rest, forms a mechanism by which the upper jaw is raised 
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when the month is opened, the temporal arcade aiding in the motion (fig^ in). 
The vomers ro.ay be paired; usually they form a thin vertical plate between the 
anterior ends of the pterygoids; occasionally they disappear. ■ The choanse 
are between the palatines, and vomers. Some birds have an W mcinatimi/ 
a small bone connecting the lacrimal with the palatine or zygomatic bar. All 
of the bones enumerated on page 79 may appear in the development of the 
lower' jaw. 

Teeth occur only in a few fossd birds, where they are implanted in sockets; 
several species are known to have a dental ridge in the embryo (see Development 



Fig. 1 14. — Chondrocranium of a pig, after Mead. ©5, alisphenoid; cL posterior 
clinoid process; cr, fenestra cribrosa; foramen for endolymph duct; fm, foramen 
magnum; fossa hypophyseos; Isr^ lateral superior recess; os, orbitosphenoid; pi, 
parietal lamina; S 7 t, septum nasi; in, tectum nasi; 2-12, exits of nerves. 

of Teeth). The hyoid apparatus (fig. 113) consists of a pair of cornua (first 
branchials) sometimes extremely long, connected by the hyoid copula (os onto-* 
glossmn), behind which is a second copula (urohyal), w^hiie in front of the ento- 
glossum is a ‘paraglossaF element with a pair of small cornua. 

The palatal structures have considerable importance in classification. All 
■'.living .birds/ can ;be arranged: in: tw'o.: groups. ' :In the ■:*dromseognathous^::;g^ 
the palatines and pterygoids do not articulate with the rostrum, the vomers 
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ilsuaiiy inteiYeiiiiig. In the ^eiiorjiithes^ the articulation occurs^ The lattei 
are subdivided into the desmogiiatlious forms where the vomer is, small or ■want- 
ingj and the maxiilopala tines meet in the middle line; the scMzognathous in. 
which the niaxiilopaiatines do not meet the vomer or each other; the ^githogna- 
tiiotiSy like the last except that the vomer is broad and truncate; and the saufog- 
nathous with deiieate, rod-like vomers and maxiilopala tines scarcely extending, 
inward , from the maxiliaries. , ' 

' The chondrocranium of the MAMMALS has several peculiarities (fig. 114). 
There are four occipital vertebrae, the last only with a complete vertebral char- 
acter, ali eventually fusing wdth the synotic tectum. The dorsal part of the otic 
capsule chondrifies first, owing to the late development of the cochlear part of 
the ear in the, lower half; and the capsules themselves have their axes inclined, 
so that the exit of the seventh nerve is on the anterior rather than on the lateral 



Fig. 115.— -Diagram of the bones of the mammalian skull, altered from Flower, Car- 
tilage bones dotted, membrane bones lined; 2-12, nerve exits. 

face. The trabeculae soon join the basal plate, and from their sellar part an 
alary process is given off on either side which extends upward to join an alisphe- 
noid (ala temporalis) which chondrifies separately, but soon joins the otic cap- 
sule above, leaving between them the foramen ovale for the third branch of the 
fifth nerve, the other branches passing forward over the ala and then between it 
and the orbitosphenoid (ala orbitalis) through the sphenoidal fissure (forame-n 
lacerum anterior). The ala orbitalis joins the trabecula by two processes, bar 
and processes sometimes forming a reduced interorbital septum. Later a 
marginal band (t^nia marginalis) extends back from the orbitosphenoid to a 
cartilage plate developed on the otic capsule. The ethmoid parts are com, pli- 
cated, consisting of the tw^o nasal capsules, the septum between them, and, on 
the inside, coiled turbinal cartilages to support the olfactory membrane. 

Some of the visceral arches have been mentioned in speaking of the ear bones 
(p. 82). The pterygoid cartilage is apparently lacking, and there is nothing that 
can be interpreted as a quadrate except the incus.' Meckel’s cartilage extends 
forward from the incus to the tip of the jaw. In the procartiiage stage the 
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hyoid is continuous with' the stapes; later it joins the otic capsule behind' the 
fenestra vestibuli, while ventrally it joins its fellow and is connected with the 
first branchial arch by a median cartilage, probably the copula. 

In the adult the so-called facial bones are more closely related to the cranium 
than in the lower groups, and distinct bones are fewer than in lower vertebrates^ 
the reduction being due in part to actual loss, in part to the fusion of' elements 
which elsewhere remain distinct. The obliteration of sutures has gone farther 
in the' mono tr ernes and some of the carnivores and apes than elsewhere. Gon- 
nected -with' the loss of bones is the absence of the supratemporal arcade, but 
the infratemporal bar consisting of processes ' from ; the squamosal and zygo- 
matic (jugal or malar) is always present, bounding the single temporal fossa. 
This may be separated from the orbit by a bar formed by zygomatic and frontal, 
or the bar may be incomplete or absent so that orbit and fossa communicate. 



Fig. 1 1 6. — Median section of skull of young after Parker. <2^, alisphe- 

Eoid; boj basioccipital; bs, otic bulla; crethy cribiform plate of ethmoid; ethppj perpen- 
dicular plate of ethmoid; /, frontal; ip^ interparietal; maxilla; w, nasal; as^ orbi- 
tosphenoid; pl^ palatine; premaxilla; presphenoid; pi, pterygoid; xo. supraoc- 
cipital; as vomer; nerve exits; cartilage dotted. 

Usually the bones fuse in such a way that the complexes named on page 76 
are readily recognized. The occipitalia are usually united into a single occipital 
bone, though the sutures between them may persist for some time. The basi- 
occipital forms the so-called basilar process, while the exoccipitals bear the two 
occipital condyles for articulation with the atlas. The exoccipitals may also 
bear strong, ventrally directed, paramastoid (paroccipital) processes. The 
membranous interparietal is sometimes distinct, sometimes fused to the supra- 
occipital, though it may unite with the parietals. 

The sphenoidalia form the sphenoid bone of human anatomy. Basi- and 
presphenoid form a ^body^ from vrhich two pairs of Svings^ arise, the ali- 
splienoids being the greater, the orbitosphenoids the, lesser wings of primates, 
the relative sizes reversed in the lower mammals. A pair of pterygoid processes 
are given off from the ventral side of the body and a part of these in some cases 
persist as distinct' pterygoid bones, but apparently are not homologous with 
some of the elements of the same name 'in the lower vertebrates,' since .they are 
membrane bones. The equivalents of ; the' pterygoids ' of ' the non-mammals 
occur in the monotremes. A second pair of membrane bones, the intertemporals, 
also belong to the sphenoid complex, fusing at an early date with the dorsal- 
margin of the aiisphenoids.- ' ^ 
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Tlie ethmoid conipiex consists of a mesethmoid which ossifies in the septuin 
between the nasal orgaiiSj and an ectethmoid in. the outer wall of each nasal 
capsule.' ■ MeS” and ectethmoids are distinct for a time, the olfactory neive 
passing between them. Later bony strands passing between the nerve fibres 
unite the bones, producing a perforated criblfonn platCj characteristic of most 
.mammals. " The part of the mesethmoid projecting above the cribiform plates 
is the cristi gallij below them is the peipendictilar plate. Two other centres in 
the lateral wail of each capsule give rise to coiled bones (inferior and sphenoidal 
turblnal) on which the olfactory membrane is spread, while two other turbinals 
(superior and middle) arise from the ectethmoid. A few mammals have in 
addition, a prenasal bone, developed in the septum in front of the mesethmoid. 



^ Fig. 117.— Flistory of antler of deer (Nitsche in Weber j. > 4 , first appearance of 
spike on frontal bone; skin retracted from spike, latter with resorption sinus^at 
base; C, loss of spike; 1 ), 'E, stages of development of antler of second year; covering 
of pedicel with skin; outgrowth of antler, continued in F with axis and tine of new 
horn shown, all covered with skin and hair (‘velvet’); skin lost from antler; c:, corium; 
Cj epidermis with hair;/, frontal bone; spike. 

The temporal complex consists of squamosal, otic bones and tympanic. On 
the ventral side of the squamosal is the glenoid fossa for the articulation of the 
lower jaw; in front the bone gives off a zygomatic process for articulation with a 
smilar process of the zygomatic (malar) bone, the two forming the arcade bound- 
ing the temporal fossa. The tympanic (apparently the angulare of the lower 
vertebrates) curves below the auditory meatus, (fig. 82) joining the squamosal on 
either side. In many mammals it expands to form a large capsule, the auditory 
bulla. The otic bones (it is said that there are six centres of ossification in 
the otic capsule) unite early to form a single petrosal bone, %vhich, in turn 
(cetacea excepted) fuses with squamosal to form the temporal bone. Later, the 
posterior part of the otic region expands to form the mastoid process, while 
the upper part of the hyoid, fused to the capsule, forms a styloid process. 
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O.ii' account of the great size of the brain some. parts of the skiiil are changed 
in position. Thus the petrosal, instead of forming part of' the side ■ wall, . is, 
■carried to the floor of the brain cavity and the squamosal forms part' of the 
lateral wall. The roof of the brain cavity is largely formed by parietals and 
frontals, (In , some whales — denticetes — the supraoccipital and interparietal 
extend to the frontal, preventing the parietals from meeting.) The frontals, 
may be distinct or they may fuse. Tn.many ungulates they -bear horns or 
antlers. In cattle, antelopes, sheep and, goats (cavicornia) a strong bony process 
or horn core is developed on each frontal, and this is covered by a cornified 
epidermis and persists through life. The antlers of the deer differ from' horns* ' 
Each 3mar there is an outgrowth of bony material, covered by a richly vascular 
skin, from each frontal bone. This grows with remarkable rapidity, and when 
its full extent is reached, the skin (^velvet’) is lost, leaving the core alone. 
After about a year resorption takes place at the base so that the antler is soon 
lost, to be replaced by a similar but larger one in a few weeks, these having 
branches, the tines (fig. 117). 

The nasals lie above and behind the nares. The margin of the upper 
jaw is formed by premaxillae, followed by the maxillae which ossify from 
several centres, difficult to homologize 
with distinct bones in the lower verte- 
brates. The inferior turbinals fuse to 
the medial surfaces of the maxillae. 

Premaxillae and maxillae may fuse or 
they may remain distinct. They have 
broad palatine processes on the oral 
surface, these meeting in the middle line 
and forming the anterior part of the 
hard palate, with frequently one or two 
incisive foramina for the passage of the 
nasopalatine nerve between them. The 
choanae are usually behind the palatine bones which form the rest of the 
hard palate, but in some edentates and whales the pterygoids form part of the 
partition between the narial passages and the mouth cavity. 

The ingrowth of the hard palate has forced the vomer from the roof of the 
mouth to a position just ventral to the anterior part of the cartilage of the 
nasal septum. In the monotremes there is a ‘dumb-bell bone’ in front of the 
vomer (p. 77). A lacrimal bone always occurs at the inner side of the orbit 
and the zygomatic forms the external wall of that cavity. 

The lower jaw articulates directly with the squamosal without the inter- 
vention of a quadrate (see Ear Bones, p. 79). Its halves may unite in front by 
ligament or by complete anchylosis. It is usually described as consisting of a 
pair of dentalia, but there are severalcentres of ossification and a splenial and 
possibly a coronoid element may be recognized. The angulare is apparently 
:■' the,' tympanic,., while the articulare of , lower, vertebrates is the. malleus. A.';.' 
remarkable^ feature, in development is'.an.enormous .cartilage , at- 1 the, posterior 
angle of the jaw, the dorsal side of which forms the condyle for articulation^ 
with the glenoid fossa. Its homologies are very uncertain. 



Fig. 1 1 8. — Hyoid of rhinoceros {Ateh 
odus). aCy anterior cornu; 6, body; c 
ceratoliyal; e, epihyal; pc^ posterior 
cornua (thyroh3^al). 
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The hyoid apparatus varies. As described - above, the hyoid is connected 
■above with the otic region, below with, the' first braiichiaL l.he part con- 
nected with the otic capsule forms the styloid process (p. no), while the rest 
may ossify as epi-, cerato-, and hypohyals, or a part may change to a stylohyal 
ligament, connecting the ventral parts with the skull. The h 5 mid of the adult 
{fig. ii8) coiisists of the copula forming the body, a part, of the hyoid the an- 
terior cornua, while the first branchial arch (of which at most but one or two 
^tliyreohyalh elements are formed) give rise to the posterior ■ cornua, These 
are connected by ligament with the greatly modified posterior branchial arches, 
described in connexion with the larynx (see Respiratory Organs). 

Appendicular Skeleton 

Tiie appendages fall in two categories, the m,ediaii or azygos, 
(median fins) found only in aquatic vertebrates, and the paired appen- 



Fig. 1 19. — Diagram of the origin of median and paired appendages from lateral 

fin folds. 

dages, which (cyclostomes excepted) are found in every class, 
although here and there individual species or genera may lack 
them. Both kinds have an internal skeleton. Opinions differ as 
to the origin of these appendages. The two most prominent views 
^.are.^ given below.. 

According to one view the two types have no relation to each other; the 
paired appendages are derived from gill septa, ail traces of which are otherwise 
lost from these somites. The girdles which support the appendages are modi- 
fied gill arches, while the skeleton of the appendage itself is derived from the 
radialia which support the gills, one radial forming an axis, the adjacent radials 
being arranged on either side of this, and carried outward from the arch by the 
growth of the septum to form the body of the appendage (fig, 135). A some- 
what similar view is that the appendage itself is a modification of aii external 
gill, such as is found in larval amphibians. 
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Another view supposes an ancestor with two pairs of iongitudinai ' folds 
' running the length of the body behind the head, each fold supported , by a 
.series' of ' skeletal rods (fig. .119). With farther development the upper folds 
on either side migrated dorsally until the two met and fused in the middle line 
of the back, thus producing a continuous dorsal fin. The ventral folds migrated 
•downward in the same way, eventually uniting behind the vent, but that open- 
ing prevented their meeting farther forward. From the fused part behind the 
' vent the anal and the lower part, of the caudal' fins were' formed, while the 
paired appendages are differentiations of the preanai parts of the ventral 
longitudinal folds. 

It may be said that in development there is no such double origin of the 
dorsal fin. In several sharks the paired fins arise from continuous folds, while 
in the Japanese gold fish the anal fins are frequently paired and the caudal has 
■a double condition below, such as would result from the failure of folds to unite 
in this region. In criticism of the gill-arch theory it may be said that the 
supports of the paired appendages arise outside of the body musculature, while 
the visceral arches (p. 74) are internal; also there is no such migration in develop- 
.ment as the theory calls for. 

The Median Appendages 

The median or azygos appendages always have the form of fins, 
and may be dorsal, terminal (caudal) or ventral (anal) in position. 



Fig. 120. — Part of skeleton of dorsal fin of perch, b, basalia; r, radialia; s, soft fin rays. 

Primitively, and in many^ species . through, life, they , are' continuous, 
but usually, gaps occur during development so that the ,fi,ns of, the 
adult are separated by intervals from ^ each other. They occur in 
practically all fishes,' in larval and tailed amphibians,, and in isolated 
groups like the : ichthyosaurs and- whales. In , amphibians", and 
higher groups' the', median fins have 'no- skeleton, 'fiut elsewhere is 
. of", cartilage, bone, .or ' a horny' substance ^(elastoidixi)', theTatter 
heing'the most constant and occurring in ■ connexion, with', either,. of' 
The' others.,'',',. 

The .simplest akekton. , (fig. ,.'120) 'con'sis'tsnf, a metameric'., series 'of 
.cartilage' or osseous. 'bars,: each '.usually divided into a 'deeper ..basaie. 



1 14 , COMPARATIVE MORPHOLOGY OE VERTEBRATES 

and a more distal radialej the former frequently articulating with 
or aiternating with the spinous processes of the vertebr^j while the 
radialia support the fin proper. The' elastoidin eleiii.e!its consist 
of a number of slender rods (actiiiotiicMa)j outnumbering the 
somiteSj and arising from the corium, immediately below the epi- 
dermis. Frequently they are united into bundles (soft fin rays^ s) 
and the}^ may replace the radialia. 

Paired Appendages 

The paired appendages are not, as the gill-arch theory would demancl;* 
derived from a single somite, but a varying number of segments participate in 
their formation. Apparently . the simplest fin known is that of the extinct 
shark, Cladoselache (fig. 12 1), in which it is a rounded lobe supported by a 
number of rods, like the radialia in a median fin. These are attached proximally 
to a few larger plates, the basalia, the basalia of the two sides being unconnected 
with each other. Greater growth of the basalia would result in some of them 
meeting and fusing in the middle line, thus forming a bar across the ventral side 
of the body, giving additional support to the fin. Then, to compensate for the 
rigidity, the basais become jointed on either side, leaving the medial bar with 
an articular surface on either side for the reduced basalia. The ventral muscles 
of the fin would find firm attachment to the bar, while the need for a similar 
attachment for the dorsal muscle results in an extension of the bar dorsally 
above the articulation of the limb, thus producing the typical girdle. The 
derivation of the fin of any fish from that of Cladoselache is easily imagined, but 
no satisfactory comparison of the fin with the leg has yet been made. 

Most vertebrates have two pairs of appendages, an anterior 
(pectoral) and a posterior (pelvic or ventral) pair. These differ 
greatly in fishes and in tetrapoda. Fishes have paired fins (pterygia) ; 
tetrapoda have jointed legs (podia), the former being the more primi- 
tive, the latter derived from the former, although not all steps in the 
development are apparent. The skeleton of all is laid down in 
cartilage, and in the free appendage, aside from actiiiotricliia. no 
parts of other than cartilage origin usually occur. Membrane bones 
ma}^ be added to the girdles. 

The paired appendages of fishes arise as horizontal folds (iig, 151) 
extending over several somites. Each fold has dorsal and ventral 
sides and pre- and postaxial borders. This condition persists in 
skates and in the pelvic fins of most fishes. In others the line of 
attachment to the body shifts so that it may be nearly vertical, the 
preaxial border becoming the upper edge, while the original dorsal 
surface is posterior. The limbs of tetrapods are more biid-iike at 
first, but they also include several somites. 
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In the skeleton of the paired appendages, the internal supports 
or girdles and the skeleton of the free appendage are to be recognized. 
The typical girdle is an inverted arch (fig. 122) in the wall of the 
body. It crosses the ventral side and extends upwards on either side 
above the attachment of the limb. The pectoral girdle is frequently 



connected with the axial skeleton in fishes, but not in tetrapoda ; the 
pelvic girdle is always free in fishes, but in tetrapoda it is attached to 
one or more sacral vertebrse. Each girdle may be divided at the 
point of attachment of the limb into an upper scapular (iliac) 
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region and a ventral coracoid (iscMo-ptibic) part_, tlie iiaiiies in 
parentheses being the parts in the pelvis; while the point of attach- 
ment of the limb is the glenoid (acetabular) region. 

The Shoulder Girdle 

■ ' .'FISHES —The pectoral girdle of elasmobranchs (fig. 122) is more 
or less U-shaped, the bottom of the arch crossing the ventral surface 
of the body between skin and peritoneal membrane, this, ventral 
part being the coracoid region, limited dorsally by the glenoid' 
region where the fin is attached. Dorsal to the glenoid is the scapu- 
lar region, part of which is sometimes segmented from the rest as a 
sttprascaptila- The pectoral girdle is usually free from, the axial 
skeleton, but in skates the suprascapula articulates with the adjacent 
vertebrae. 



Fig. 122. — Pectoral girdle and cartilaginous fin skeleton of Scyllium, coracoid 
region; g, glenoid surface; ms, mesopterygium; 7 nt, metapterygium; p, propterygium; r, 
radialia; s, scapular region. 

In the lower teleostomes (some ganoids, dipnoans) the carti- 
laginous girdle is reinforced by membrane bones derived from the 
skin. Of these there are at least two on either side, a pair of clavicles 
which overlie the coracoid region and meet in the middle line, and 
lateral to each clavicle and extending to or above the glenoid fossa, 
is a second bone, the cleithrum. In some ganoids (Polypterus, 
fig. 123) the cleithra extend toward the middle line, and a little 
higher in the scale, meet and take the strains. With this there may 
be separation of the two halves of the cartilaginous girdle. 

Dorsal to the cleithra other membrane bones frequently occur. 
There may be one or two supracleithra (post- or supratemporals, 
fig. 90) which connect the girdle with the skull, and occasionally 
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others, , as postcleithiiiiEj infradeithnjixij etc. As a result of the 
great development of the cleithra the cartilaginous girdle has been 
reduced, but it usually has at least two ossifications on either side. 



Fig. 123. — Pectoral girdles of (A) Acipenser and {B) Polypterus^ after Gegenbaur.^ ct 
cleithrum; cv^ clavicula; dr, dermal rays; g, glenoid surface; f, cartilaginous radialia. 

a scapula dorsal to the glenoid fossa and a coracoid beneath it, these 
contributing to the support of the appendage. 

TETRAPODA have each half of the ventral part of the pectoral 
girdle divided into two transverse bars (fig. 124), a precoracoid 



Fig. 124— Diagram of tetrapod girdles and free appendages, posterior view. 
Upper letters pectoral, lower pelvic appendage, a, acetabulum; c, carpus ; cOy coracoid ; 
ecy epicoracoid (no equivalent in pelvis'};/, femur; j?, fibula; g, glenoid fossa; A, humerus; 

ilium; ischium; me, metacarpus; mt, metatarsus; pubis; pCy precoraeoid; ph. 
phalanges, numbered; f, radius; s, scapula; ss, suprascapula (no equivalent in pelvis) ; 
ty tarsus tibia; I-¥, digits. , 

in front, and a coracoid behind a gap, the coracoid fenestra, which 
is lii3aited medially by an epicoracoid. With ossification of the 
cartilage, scapula, coracoid, precoracoid and epicoracoid bones may 
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occur j while the upper part of . the scapular region may persist as a 
suprascapula^ sometimes cartilage, sometimes united with the 
scapula. Ill addition a clavicle (membrane bone) is usually present, 
paralleling and often replacing the precoracoid, while a clei thrum 
is known only in the lower tetrapoda. The coracoid is reduced 
in most mammals. These bones meet in the glenoid region which is 
usually excavated for the head of the humerus,, the cup thus formed 
' being the glenoid fossa. 

y AMPHIBIA. — In the stegocephals- the cartilage has not been 
preserved and the bones are variously interpreted (fig. 68). The 
bone meeting the episternum is the clavicle, and lateral to this is an 
equally slender bone, called scapula or cleithrum. A large round 
element is called the coracoid. In Eryops clavicle, cleithrum, 
coracoid and scapula are known. 

In existing amphibia the parts are better known. The cartilage 
halves of the girdle develop separately, coracoid and precoracoid 
appear early, the epicoracoid later in anura, or not at all in urodeles 
except in Siren and Cryptobranchus. Gymnophiona have no limbs 
or girdles. In urodeles the precoracoid is directed forwards, the 
coracoid transversely, meeting its fellow of the opposite side in front 
of the small sternum. The precoracoid never ossifies, while there is 
considerable range of ossification in the other parts. No clavicle 
is present. 

Anura have all four parts developed in cartilage, the precoracoid 
and coracoid being nearly parallel and extending toward the middle 
line where they unite with the epicoracoid. Both scapula and cora- 
coid ossify, but the precoracoid is partly or wholly replaced by the 
clavicle. In toads (fig. 65.4) and their allies (arcifera) the epicora- 
coids of the two sides overlap, both being in front of the sternum. 
In frogs, (firmisterna, fig. 65B) the epicoracoids abut in the middle 
line with a narrow sternal thread between them, and an omosterniim 
in front, a xiphisternum behind. 

REPTILES. — With the development of a considerable neck in 
the reptiles the pectoral girdle ' is /removed ' further from the: head; . 
it shows considerable dijIerenGes'm the various groups. In: the fossil: 
rhynchocephals it is much as in the stegocephals, except that the 
scapula is large. In the turtles it occupies a peculiar position, being 
inside the carapace, 1^., internal to the ribs; but this is explained by 
the development; the girdle arises in front of the ribs and later sinks 
to the definitive position. Scapula, precoracoid and coracoid are 
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well developed/ the medial ends of the latter two 'being' connected 
by a cartilaginous epicoracoid. Elsewhere in the reptiles the pre- 
-coracoid tends to reduction^ the clavicle ■ taking its place, though it 
is retained in a reduced shape in lizards (fig. 125, 4 ). The coracoid 
and adjacent parts are variously fenestrated in the same group. 
The clavicle has been lost in chameleons and crocodiles,' and' if 
present in turtles, it is as the ■epiplastroii,,(p. 46), as uggestion with- 
out much probability. Both girdles are greatly reduced in limbless 
lizards and have vanished in snakes with a few exceptions, 

BIRDS have a sword-shaped scapula overlying the ribs, and the 
coracoid extends from its junction with the scapula at the glenoid 



Fig. 125. — A, pectoral girdle of Xaniusia (Camp); of young ostricli (Parker); 
and C, adult ostrich; c, coracoid; c/, coracoid fenestra; d, clavicle; coraco-scapular 
fenestra; e. epicoracoid; es^ episternum; g, glenoid fossa; precoracoid; r, ribs; scap- 
ula; 5/3 supracoracoid foramen; suprascapula; d, sternum. 

fossa to the sternum (fig. 62) forming the chief brace of the girdle, 
The precoracoid is greatly reduced, but can be recognized in some 
birds, fused at either end with the coracoid, the fenestra still persist- 
ing (fig. 125). The clavicles of the two sides are fused at their medial 
ends, forming the well-known furcula (wishbone) which either articu- 
lates with the sternum or ends freely below, the latter being the 
case when the powers of flight are reduced. 

MAMMALS. — The shoulder girdle of the monotremes (fig. 126) 
is strikingly like that of lizards, the coracoids acting as a brace be- 
tween sternum and glenoid fossa, while the resemblance is strength- 
ened by the presence of the precoracoid and episternum. This 
same large development of the coracoids occurs in the young of some 
marsupials, but in the adults, as in the rest of the mammals, the cora- 
coid is greatly reduced, persisting only as a small projection, the 
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coracoid process, ankylosed to the ventral end of the scapula, where 
it often forms a part of the glenoid fossa. The scapula is always well 
developed, and in the placental mammals bears a strong crest (spina 
scapulas) on its external surface, terminating ventrally in an acro- 
mion process. The clavicle varies 
with the freedom of motion of the 
limb. Thus in rodents, insec- 
tivores, bats, some marsupials 
and the higher primates it forms 
a strong brace between shoulder 
and sternum. In bandicoots, 
ungulates, whales, and a few car- 
nivores it has entirely disap- 
peared, while in other mam- 
mals it persists as a rudiment 
without functional value. In 
development two small elements 
frequently intervene between the 
clavicles and the sternum. They 
are preformed in cartilage but 
Their homology is very uncertain. 
They have been called episternalia, suprasternalia, etc. 



Fig. 126. — Pectoral girdle of Ornithor- 
hynchus. cl, clavicle; co, coracoid; csf, cor- 
acoscapular fenestra; ec, precoracoid; es, 
episternum; g, glenoid fossa; 5, scapula; 5 ^, 
sternum. 

eventually fuse with the sternum, 


The Pelvic Girdle (Pelvis) 

In the simpler fishes the pelvic girdle is much like the pectoral, 
a transverse bar, with a foramen for the obturator nerve, and ascend- 
ing iliac parts, but with lessened use of the fins the latter is reduced. 
With ossification in the tetrapoda, ilium, os pubis and ischium appear 
in either half, all meeting in the acetabulum. In the Ifigher 
tetrapoda (fig. 130) a gap, the ischio-pubic fenestra occurs on either 
side between ischium and pubis, and now the obturator foramen is 
either in the pubis, or the nerve passes through the fenestra, which is 
called the obturator foramen in man. Two cartilages, later ossifying, 
appear in the middle line between the ischia and pubes of the two 
sides (fig. 130), an epipubis in front, a hypoischimn behind, while an 
acetabular bone is common as an element of the acetabulum. 
The osseous pelvis may be compared, part with part, with the 
shoulder girdle — milium with scapula, ischium and pubis with coracoid 
and precoracoid, fenestra with fenestra. Whether epipubis and 
h3q)oischium are the equivalents of the epicoracoid is a question. 
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The phylogenetic history of the pelvis is more clearly indicated 
than is that of the pectoral girdle, for in many fossil fishes as well as in 
the sturgeon, there is little advance over Cladoselache (p. 115). The 
basalia of a side have fused to a single basal, often perforated for the 
obturator nerve, and bearing the radialia on its distal surface. The 
basalia of the two sides have not met, but there is frequently between 
them a pair of small cartilage plates, possibly the homologues of the 
epipubis of the tetrapoda (infra). There is no acetabular joint. In 
the other ganoids and in teleosts there is little advance, aside from 
ossification of parts, while no epipubic elements occur. A noticeable 
feature in many acanthopterygians is the forward migration of the 
pelvic fins so that they come to lie in front of 
the pectorals (the old group of ‘ jugulares ’) . 

The elasmobranchs have a true girdle, 
but without separate elements as it does not 
pass beyond the cartilage stage. It consists 
of a continuous ischio-pubic bar, extending 
from one acetabulum to the other, and 


Fig. 127. 

Fig. 127. — Pelvis of Discosaurus, after Credner. ilium; w, ischium; pubis. 

Fig. 128. — Ventral view of pelvis and y^osiloid cartilage of CryptobrancJmSf after 
Wiedersheim. a, acetabulum; il, ilium; is, ischium; o, obturator foramen; p, con- 
joined pubes; ypsiloid cartilage. 

usually prolonged dorsally above the acetabulum by an iliac 
process. 

In all fishes the pelvic girdle is free from the vertebral column, but 
in the tetrapoda, where the limbs have to support the body weight, 
the girdle becomes connected with the sacruml by the intervention of 
one or - niore sacral ribs (p. 64). ' In the interpretation of some of the^ 
pelvic elements there is some uncertainty. 

In the stegocephals (fig. 127) ischium and ilium (and usually 
pubis) were distinct bones with . apparently considerable cartilage- 
between them. In the urodeles (fig. 128) the two ischio-pubic 
cartilages lack a fenestra and are -usually ' united, in, the median line,:; 
but the ossifications vary in extent,: the pubic region lagging behin-d 
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the ischium and being at times indistinguishably fused with. it. In 
some cases there is, as in Nectiirus^ an extension of the median car- 
tilage forward in an epipubic process, and frequently a pectineal or 
prepubic process from the antero-lateral of each pubis. An interest- 
ing feature is furnished by the ypsiloid cartilage (fig. ^128) formed 
independently of the pubis and extending forward in the linea alba 
through two or three somites. This occurs only in salamanders with 
, functional kings, where it furnishes attachment for muscles connected 
Avith -resp-iratioii. 

In the anura all three pelvic elements are present, and all partici- 
pate in the formation of the acetabulum. Correlated with the leaping 
habits the ilium is very long and the ischio-pubis is strongly com- 
pressed, obturator foramen and ischio-pubic fenestra being absent. 



Fig. 130.— -Ventral and side views of pelvis of Vammis (Biitscbli). xv, caudal 
vertebra; e, epipiibis; is, bypoischium; 0, obturator foramen; prepubis; 52^*, sacral 
vertebras.' , 


Omitting the extinct rhynchocephalsy whose pelvis resembles 

that of the stegocephals, the..reptiles have the pelvic bones more 
solid and distinct than do the ichthyopsida; the ilium is strong, with 
its dorsal end frequently expanded; the ischio-pubic fenestra is 
large; and ischium and pubis are often united to their fellows directly, 
qr_by the intervention of the_epipubic cartilage, or its modification, 
the ligathentum mediimi pelvis. As a rule all three bones meet in 
the acetabulum and there are large prepubic processes, though these 
are small in the lizards (fig. 130) and are lacking in crocodiles. 

Many theriomorphs have the pelvic bones fused much as in 
mammals. In Sphenodon and some turtles the epipubic cartilage 
bounds the fenestra on the median side, and Sphenodon and the 
plesiosaurs have a separate obturator foramen, but the two are 
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merged in the chelonians. Most lizards have, slender pubic bones^ 

■ perforated by the foramen, and the part of the epipubis; between the' 
fenestr® reduced to a ligament, while the posterior part of this, behind 
the ischium, may ossify as a distinct bone (os cloaca or hypoiscMima). 
In the footless lizards the pelvis is reduced, being represented in the 

■ amphisbaenans by rudiments of ischium' and pubis, while all traces 
of the pelvis are lost in snakes, except 
the ' boas and some tortricids. The 
obturator foramen is very ' large in the 
crocodiles, ' the result of the oblique 
position of the pubes, which do not 
unite with each other; each is tipped 
with cartilage (Pseparate epipubes). 

All three bones meet at the acet- 
abulum which k perforate in recent 
species; The, lower end, of the 'ilium 
separates as , a distinct bone (pars', 
acetabularis)/ 

The pelvis of the dinosaurs (fig. 131) 

■ has , the same great extension,' of the 
ilium forward and back as is seen in the 
birds, and' a corresponding increase' of' 
the sacrum (p.' 59), the result of the.' 
partially, upright position. , The ischia 
are greatly elongate and are directed 

backward, being frequently;'., united . . . , , ir ' ,, , ' ■ 

below. /' ' The ■ pubic, bones of the- ornith- ' 'Fig. i 31. —Pei vis and hind iim,b 

ischians are remarkable in being directed aS' 4 

forward' and, downward and. in having ischium;' pubis; pp, postpubis; 

^ . . . "■ t • ' 1 • 1 b- tibia;, I-IF, digits. ,' 

Strong, post-pubie processes which are ; ;.,, ' ' ■ : ' ■ ,, 

parallel to, the ischium... '. .Frequently, 'the' ilium' ,giyes off .an^ iliac spine 

near' the; acetabulum.^'.^^^ 

The pterodactyls had the same elongate ilium 'as -the; dinosaurs, 
the. ischium being fused 'to it' so 'as to .exclude the pubis from, the; ace t-, ', 
abulum, the pubis^ being' usually ■ loosely, articulated , to;, the ischium ; 
and meeting its fellow in thC' median line below.,' , The pelvic opening 
was. very 'small.. . The,, pelvic 'bones 'of ' the iehthyosaurs' ,were '.weak,; 
■long and slender, and: apparentl'y.we-re.e'mbedded; in, the muscles.:, ^, ' 

^ This pubis is sometimes regarded as a prepubis, the ischium being called an ischio- 

'■,'''';'pubis.:,,;. 
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In recent birds (figs. 585 62) the pelvic bones are fused. The 
iiiuin is greatly elongate and usually fused with the synsacriim (p. 
59);,iscMuin and pubis directed backward. The pubes, lying in the 
position of the postpubes of the dinosaurs, never meet below except in 
the ' ostriches. In the embryo (fig. 132), they are at first directed 



Fig. 132. Fig. 133. 


Fig. 132.— Development of pelvis of chick, after Miss Johnson, A, chick of 6 days, 
older; C, 20. days; cartilage dotted, bone white, a, acetabulum; il^ ilium; m, ischiadic 
nerves; is, ischium; on, obturator nerve; p, pubis; pp, pectineal process. 

Fig. 133. — Pelvis of Galeopithecus, after Leche. ab, acetabular bone; i, ischium; il, 
ilium; p, pubis; cartilage dotted. 


forward and only attain the final position later. A pectineal process 
rises from the acetabular region and extends forward, simulating the 

dinosaur pubis. 



In the mammals, obturator fora- 
men and ischio-pubic fenestra are 
united, * the opening being bounded 
on the medial side by processes from 
ischium and pubis. All three bones 
may meet in the acetabulum, but 
more often the extension of ilium and 
ischium excludes the pubis from the 


Fig. 134.— Left side of pelvis of fossa. A peculiarity is the common 

occurrence of an additional bone (Sg, 

marsupial bone; «/, obturator fora- 133, afi) in the formation of the 

men; OS pubis; sacral vertebra. ■ V- ' ' / . ^ • A 

' . acetabulum, (acetaMlar or , cotyloitt: 


bone). This lies between ilium and pubic bone and may 


fuse with any of the elements. In marsupials and mono- 


tremes the interpubic cartilage persists for some time, or through life, 
but elsewhere it disappears and the elements usually unite by 
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symphysis. The same groups of nonplacental "mammals are 
characterized by the presence of marsupial, bones (fig. 134) . These 
are prefornied in cartilage and extend forward, from either pubis in 
the ventral abdominal wall. Their homology is very uncertain; but 
they are not the ypsiloid of the urodeles (p. 1 2 2) . 

The Free Appendages 

These are of two kinds; the paired fins (pterygia) of the fishes 
and the legs or their modifications (podia) found in all classes of 
tetrapoda. The former are merely mechanisms for altering the 



Fig, 135.— Diagrams illustrating theories of origin of appendages. 4 , C, origin 
of biserial appendage (C) from gill arch ( 4 ); D, biserial appendage (archipterygium) ; 
jE, E, evolution of elasmobranch fin; Gj dotted lines indicate parts involved in origin of 
leg from fin; F, dotted parts show another view of origin of elements of leg. 

position of the body in the water, and require a small amount of 
flexibility, being moved as a whole. The assumption of terrestrial 
habits necessitates the support of the body above the ground and its 
propulsion. Hence the podium must have a firmer skeleton, 
with at the same time joints for motion and intrinsic muscles to move 
the parts on each other. The podium was undoubtedly derived 
from the fish fin, but the problem of how the change was made 
has not been solved. Only paleontology can give the answer. 

There are two views as to the origin of the podium, both based upon 
the loss of certain parts and the persistence of others in a modified form. One 
view assumes the persistence of a basal as the framework (humerus or' femur) of 
the upper limb. Two proximal radiais as that of the next limb segment, while 
the skeleton of ankle and foot, is derived from a corresponding number of distal 
radiais on the anterior side of the fin. The tarchipterygial theory’ of Gegen- 
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baur assumes a biseriai appendage (fig. 136) like that of Ceratodus (the WcM« 
pterygium^) as the type from which all legs and other fins have been derived^ by a 
shortening of the axis and a loss of radials, chiefly on the preaxial side. The 
two views are illustrated in the adjacent sketches (fig. 135). No known facts 
of ' either embryology or paleontology throw any certain light on the matter, 
although some fossil crossopterygian ganoids are suggestive. 

Cladoselache (fig. 121) and the lower ganoids 
have what is apparently the most primitive type 
of fin with a large number of basalia which sup» 
port a large number of radialia. From these, 
as we go upward in the scale, there is a reduc- 
tion in the number of basalia, either by disap- 
pearance or fusion, while the other parts are 
variously modified. Thus in recent elasmo- 
branchs the characteristic number of basalia is 
three in the pectoral, two in the pelvic fin. 
These are known, from in front backward as the 
pro-*, meso- and metapterygium, the middle one 
being absent from the hind limb. The numerous 
radials are jointed transversely (fig. 122), per- 
mitting more flexibility, and these may be arranged 
entirely on one side of the basalia (uniserial) 


Fig. 136. Fig. 137. 

Fig. 136, — Pelvic fin and part of girdle of Ceratodus, after Davidoff, a, axial skele- 
ton of fin; pil, iliac process; pirn, processus impar; r, radialia. 

Fig. 137. — Skeleton of pectoral fin of Xenacanthus, after Fritsch. 

or the metapterygiiim may be prolonged as an axis, and while 
most of the radialia are on the preaxial side, some may occur on 
the postaxial side (biserial) as seen '" in'' the carboniferouS:^^;s^^^^^ 
Xenac^'dhus (fig. 137). In the recent species the skeleton of the 
fin is continued by actinotrichia. In the male elasinobranchs the 
pelvic fin is divided into two lobes, the medial, the so-called clasper 
(iiiixipterygitini (fig. 406)) being the longer and narrower. This is 
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used in copulation and is supported by the specialized terminal 
radialia of the metapterygium. 

In , other ganoids and in teleosts the skeletal parts are more or less 
Qssifiedj the basalia more numerous than in the higher 'elasmobranchs 
and' are shortened and more closely associated with the girdles^ while 
the numerous radii form most of the skeleton of the fin itself. ' It is 
not uncommon for the anterior element of the pectoral fin to, form 
strong defensive spine, not infrequently connected with a poison 
gland (fig. 23). In some teleosts, 
eels, the pelvic fin may be lack- 
ing. The fins of the dipnoi are easily 
understood by comparison with a 
biserial fin like that of Xenacanthus 
(fig. 137). The axial part has been 
elongated and in Ceratodus (fig. 136) it 
bears biserial radialia, while in Protop- 
terus and Lepidosiren only the axis 
persists. 

Embryology tells little as to the primitive 
condition of the pterygium, for in the procar- 
tilage stage the condensation of mesenchyme 
for the skeleton of the fin forms a continuum 
which later becomes broken into the separate 
parts (fig. 138). 

The legs (podia) of all tetrapoda are « 

essentially alike (fig, 124). Each con- coracoid foramen; mesy 

. 1 . 11 mesopterygium; we/, metapterygium; 

sists of several regions, comparable pro, propterygium; r, developing 

in detail with each other. The prox- scapula, 

imal is the upper arm (brachitmi) or thigh (femur) contain- 
ing a single bone, the humerus or femur in the fore and hind limb 
respectively. The next region, the forearm (antebrachium) or 
shank (crus), contains two bones, a radius or tibia on the preaxial 
and an ulna or fibula on the postaxial side. Next follows the hand 
(manus) in front, the foot (pes) behind, each consisting of three 
portions. The basal podial region, the wrist (carpus) or ankle 
(tarsus) consists of several small bones; the second division (metapo- 
dhim) is the palm (metacarpus) /.or instep (metatarsus), an 
come the fingers or toes (digits), each digit consisting of several oones, 
the phalanges* These separate parts are included in the accompany- 
ing table, in which the terms given to the separate elements of the 
wrist and ankle of man are included. 












Fig. 138. — Cartilage skeleton of 
shoulder girdle and left pectoral fin of 
larval Folyplerus, after Budgett. bvfy 

fnrnminfi fnr hlnnH-viPGaplc* /• pp-ro. 
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Fore Limb (Arm) 


Hind Limb (Leg) 


upper arm (Brachium) 

■Fore arm (AntebracHum 

' Navicular e 
(Scaplioid) 
Lunatum 
Triquetrum 

Pisiforme 


Humerus = Femur 
f Radius — Tibia 

\ Ulna = Fibula 
Radiale = Tibiale 

Intermedium = Intermedium 
Ulnare — Fibulare 
Centrale^"^'-* == Centrale^’^^ 


Basi- 

podium 

Wrist 

(Carpus) 


Palm 

(Metapo- 

dium) 


Multangulum 

majus Carpale^ = Tarsale^ 

Trapezium) 

Multangulum 

minus Carpaie^ = Tarsale^ 

(Trapezoides) 

Capitatum Carpale® = Tarsale® 

/ Carpale^ = Tarsale^ \ 

Hamatum | Carpaie^ = TarsaleC 

Metacarpale^“® = Metatarsale^“® 


Astragalus 

(Talus) 


Thigh 

Shank 

(Crus) 


Calcaneus 

Navicuiare 

pedis 

(Scaphoid) 

Cuneiform^ 


Basi- 
* podium 
Ankle 
(Tarsus) 


Cuneiform® 


Cuneiform® 

Cuboides 

(Metapo- 

dium) 


Instep 


Fingers (Phalanges) Digits^”® = Digits i*”® (Phalanges) Toes 


The basal podial region, which is nearly typical in some reptiles, 

urodeles (fig. 139) and man, consists of three rows of bones, a proximal 
of three bones, a radiale or tibiale on the anterior side, an ulnare or 
fibulare on the other, and an intermedium between them. The 
distal row consists of five caipales or tarsales, numbered from the 
anterior side. 

The third row is composed of one or two centralia between the 
other rows. The metapodials and the digits, also numbered from 
one to five, have, in some cases special names, the thumb (digit I) being 
the poUex, the corresponding great toe being the hallux, the fifth 
digit being called minimus, the second in the hand, the index, 
the fourth the annulus. 

From this typical condition all forms of podia— legs, arms, 
wings — are derived by modification, fusion and disappearance of 
parts. The more distal a part the more variable it is; reduction takes 
place on the margins of the appendage, the axial portions being the 
last to disappear. Occasionally in various groups (amphibia, mam- 
mals) there occur what are interpreted as rudimentary additional 
digits—prehallux, prepoUex, postminimus — but their status is un- 
certain. There are also certain membrane bones developed in the 
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appendages j including' the patella (knee-pan) in some reptiles,' birds 
and many mammals, in the tendon that passes over the knee-joint,' the 
fabellae in the angle of the knee of a few mammals, and the pisifome 
in the carpus of man and some other mammals. 

In the ancestral podium, as exemplified in the urodeles, the basal 
joint was directed horizontally at right angles 'to the axis of the 
body, but higher in the scale it approaches the sagittal plane and 
in such a way that the angles of the fore and hind limbs open in oppo« 
site directions. Besides there is frequently a torsion of the bones of 
the forearm (fig. 140) or shank on each other. The lower amphi- 
bians have nearly typical legs (fig. 139), although, as in Siren and 
Amphiuma^ they may be greatly reduced, 
while in some stegocephals and the gymno- 
phiones they are entirely lacking. In the 
anura the radius and ulna or tibia and fibula 
are frequently fused and the tarsals elongated/ 


Fig. 139. Fig. 140. 

Fig. 139. — Tarsus of Geoiriton^ after Wiedersheim, showing the arrangement of the 
metapodiai elements, c, centrale;/, fibulare; F, fibula, i, intermedium; t, tibiale; T, 
tibia; 1-5, tarsales. 

Fig. 140. — Torsion in developing human arm, arrer Braus. m, r, ulna and radius; 
dotted line, course of radial nerve. 

The most marked feature of the reptilian limb is the occurrence of 
an intratarsal joint, the motion of the foot upon the leg being 
largely between the two rows of tarsal bones, instead of between tar- 
sus and the bones of the shank (fig. 141), a condition duplicated in 
a way in the birds. There is also a greater range of form than in the 
amphibia. Limbs are lacking in snakes and some lizards; on the 
other hand there is a great increase in the number of phalanges, 
correlated with a shortening of the proximal bones, in the plesiosaurs, 
which reaches its extreme in the ichthyosaurs where there may be a 
hundred phalanges in a digit. The wings of the pterodactyls are 
remarkable for the great development of the fifth digit (elongation of 
the phalanges) as a support for the wing; the other digits are more 
normal. V ' / 
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The wings of birds (fig. 62) are even more modified. Until the 
carpus is reached the structure is approximately normal, but the car- 



pal bones are greatly reduced by fusion, while the metacarpals and 
digits,! extensively modified, number only three. Development 



shows that the first digit is entirely 
lost and that the fifth metacarpal, 
which is present in the embryo, 
fuses early with the fourth, so that 
the digital formula is II, III, IV. 
There is also an extensive fusion 
of the bones of the tarsus and 
pes. The ankle-joint is markedly 
intratarsal, the basal row of tarsal 
bones fusing with the tibia (the 
fibula is reduced) to form a 
‘tibiotarsus,’ while the tarsales 
have united in the same way with 
the fused metatarsals, forming a 
‘tarsometatarsus’ (fig. 142). 
The toes are rarely more than 
four in number, the first ap- 
parently lacking, and, as a rule, 
the number of phalanges increases 


FiG_ i42.--Foot of parrot {Fsitiacm iiom two in digit II to five in 
a«azo»»cjw),/,iemar;/ 6 , fibula; ^,pateEa; ,, t* 1 1 

tarsometatarsus; «, tibiotarsus; /J-F, digit V. Many birds have the 

digits. toes reduced to three and in the 

true ostriches to two. 

In the mammals, the limbs, especially the fore limbs, exhibit a 
considerable range of (modification. Thus in the primates the 
skeleton is nearly typical, but there is a marked power of rotation of 
the foot and especially of the hand by the motion of the lower end of 
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the radius around the ulna. There also the appendages may form 
grasping organs, both features being found to a less extent in several 
lower groups. In the bats digits II to V are greatly elongated (either 
metacarpals or phalanges may be lengthened) to support the wing, 
the first digit remaining normal. In the whales and sirenians the 
basal parts of the fore limb are greatly shortened, while there is a 
multiplication of the phalanges, recalling that of the plesiosaiurs. 
The hind limb is entirely lacking in the sirenians and some of the 
whales; in other whales there are two vestigial bones (?femur and 
tibia) embedded in the muscles of the trunk. 

The mammalian humerus is frequently perforated by a (stlpra- 
or entepicondylar) foramen passing through the inner lower end, a 
feature found elsewhere only in some theriomorphs. In many un- 
gulates the ulna is reduced and may be fused with the radius; else- 
where it is well developed. Even where reduced it always bears 
on its proximal end a strong olecranon process, extending beyond 
the elbow-joint for the attachment of the extensor muscles of the fore- 
arm. The femur bears a varying number (up to three) of prominences 
or trochanters for the attachment of muscles. The fibula resembles 
the ulna in its tendency to reduction. The patella (p. 129) at the 
knee-joint is analogous to the olecranon process, though it never 
joins the other bones. 

The details of the modification of the feet cannot be described 
here. The ankle-joint is never intratarsal but always between tar- 
sal and crural bones. There is considerable variety in the extent to 
which the bones of the feet rest upon the ground. In the plantigrade 
foot, as in the bear and man, the sole of the foot includes the meta- 
podial bones; in the digitigrade forms, like the dog and cat, the sole 
includes only the distal phalanges, while in unguligrades (cow, horse) 
the weight of the body is supported on the hoofs (p. 31) developed on 
the upper (anterior) surface of the distal phalanges. There is fre- 
quently a reduction of the digits, reaching its extreme in the horse 
where only digit in perists in a functional condition. 

THE MUSCULAR SYSTEM 

Practically all motion in vertebrates is caused by muscles which 
arise from the mesoderm. While other cells may have a certain 
power of changing shape, the muscle cells possess this in a marked 
degree; and so that they may cause the greatest amount of motion 
in the parts to which they are attached, they are very long, stimula- 
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lion causing them to contract in length and at the same time to 
increase in diameter. 

. There are two kinds of muscles which differ in origin^ histological 
appearance, physiological action and distribution. The smooth 
iniiscleSy the appearance of which has been described (p. 25), arise 
from the mesenchyme and are not under control of the will, but are 
innervated by the sympathetic nervous system. Their action is 
much slower than those of the other type. They are found in the 
skin, in the walls , of blood-vessels and of 4he alimentary canal, and 
in the urogenital system. Occasionally they occur as isolated fibres, 
but frequently they form sheets or bands, sometimes of considerable 
thickness. 

In the alimentary tract they are arranged in two layers in the 
straight parts of the tube, an outer layer of fibres which run longitudi- 
nally, and inside this a layer of circular muscles. In enlargements 
of the tube this regularity is interrupted and the course of the fibres 
is more irregular. The circular muscles, by their contraction, lessen 
the diameter of the canal, at the same time causing it to elongate, 
while the longitudinal fibres shorten it and cause it to increase in 
diameter. By the action of these two layers, peristalsis is produced, 
the food being moved forward and backward, thus aiding in its diges- 
tion and absorption. In the blood-vessels there are only circular 
fibres, the enlargement of the lumen being caused by the internal 
blood pressure. 

The striped muscles are derived from the walls of the coelom and 
hence are of mesothelial origin. Excepting those of the heart (to 
be mentioned below) and some of those at the anterior end of the 
alimentary canal, they are under control of the will and are supplied 
by the motor nerves of the brain and spinal cord. They are also able 
to contract more rapidly than the smooth muscles. The striped 
muscles make up the great mass of the musculature — the ^flesh “ 
■of the body. They occur in the body walls, organs of locomotion, 
the head, diaphragm and the anterior part of the digestive canaL 

The striped muscles of the -body,. may be placed in two groups, 
parietal and visceral, according to ' their .origin. , The, first embraces, 
those derived from the myotomes, the second those, which arise 'from 
the lateral plates. The parietal inuscles again may be divided into 
those of the ^ eyes, the trunk and the; tail,. acGording to the somites 
from which they arise, although some wliich invade the head come 
from trunk myotomes, wliile the dermal muscles are also derivatives 
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of the trunk somites. Of the parietal muscles those of the trunk in 
lower vertebrates give the best picture ' of the primitive conditions 
and are therefore described first. 

PARIETAL MUSCLES 

, After the separation, of the myotomes from, the , more, ventral part 
of the coelomic wall (lateral plate), each is a closed sac with a cavity 



Fig. 143. — Myotomes oi Amhlystama developing into muscle fibres, ec^ ectoderm; me, 
myocoele; ms, mesenchyme; so, somatic layer which will form corium. 

(myoccele) and medial (splanchnic) and lateral (somatic) walls 
(fig. 45). The more dorsal cells of the splanchnic wall multiply 
rapidly and increase in size, the growth partially obliterating the 
myocoele (fig. 143). The cells also elongate and come to lie parallel 
to the major axis of the body (longitudinal). The nuclei also increase 



Fig. 144. — Diagram of , descending myotomes. c, coelom; g, gonad; splanchnic 
wall of myotome developing into muscles; me, myocoele; p, peritoneum; pronephric 
duct; so, somatic wall of myotome; y, ventral border of myotome. 

ill number, without, in most 'cases,. a,'correspondiii.g,divisionmf the, 
cell, so that the cells become multinucleate, a condition persisting • 
through life, the nuclei in all but mammals' being on the outside of 
thexellj' .'in .mammals in the .interior.' Gradually., most of: the. proto- 
.plasm is transformed, into muscle '-..substance',, (which ■^eco.me.s,, cross- -' 
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baiided)^ a small amount of unaltered protoplasm remaining around 
the' nuclei. These muscle fibres make up the muscle, and as each 
myotome and its derivatives are supplied by the corresponding 
spinal nerve, nerve relations are most important in tracing homologies 
of muscles in those cases where a myotome forms several muscles and 
in those where a muscle of the adult is derived from several 
myotonies. 

The myotomes furnish the contractile tissue of the muscles. To 
this other parts of connective tissue are added. Cells from the mesen- 
chyme invade the muscle fibres, forming envelopes (peritnysiuna) 
which bind the fibres into bundles (fasciculi) which are similarly 
massed by other envelopes (fascia) into muscles. These envelopes 
extend beyond the muscle substance as tendons by which the muscles 
are connected to other structures. Usually one point of attachment 
is fixed, this is the origin ; the other, the insertioBj is on the part to 
be moved. Tendons are sometimes short, sometimes elongate and 
slender, allowing the muscle to lie in or near the trunk, while the 
part to be moved may be in the appendage. The tendons may also 
form broad sheets (aponeuroses), either at the ends, or sometimes 
in the middle of a muscle, dividing it into two bellies. Not infre- 
quently parts of tendons may ossify as in the patella or in the ^drum- 
stick^ of the turkey. Small rounded ossifications of tendons are 
called sesamoid bones. In a few cases, as around the eye and mouth 
of mammals, the muscles are without attachment, but form rings 
which are used to contract an opening (sphincter muscles). 

Muscles vary greatly in shape. They are usually short and flat in the 
trunk, prismatic or spindle-shaped in the appendages. They may be simple or 
may have several heads or points of origin (biceps, triceps, etc.) or several points 
of insertion as in pinnate or serrate muscles. 

Usually muscles occur in antagonistic groups, the action of one being the 
opposite of its antagonist. Thus there are flexors to bend a limb, extensors to 
straighten it; elevators to close a jaw, depressors to open it; sphincters working 
against dilators, etc. 

At first the myotomes and their muscular derivatives, the 
myomeres, are at about the level of' the^ spinal column. Later they 
extend somewhat upward, but much farther downward, the lower 
border of each myomere insinuating itself between : ectoderm 'and 
peritoneum (fig. 144,, right side) until the myomeres of the two sides 
all but meet in the midventral line, the space between them being 
occupied by connective tissue, the liuea alba. Connective tissue 
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also invades the spaces between the successive myomeres; forming a 
series of partitions, the myosepta, which extend from corium tO' the 
spinal column. They also form ligamentous connexions between the 
myomeres of a side so that all may act as a whole. With the descent 
of the myomeres to the ventral side, and the formation of the myo- 
septa, the trunk musculature is outlined. 

TRUNK MUSCULATURE 

In Petromyzon (fig. 145, A) development in the trunk region has 
gone but little farther, the successive myomeres having their fibres 
arranged in a slightly radial manner, while the myomeres are without 
a horizontal division (no differentiation of ep- and hypaxials), the 
•septa being nearly vertical, but inclined forward at their dorsal and 



Fig. 145. — Scheme of arrangement of myomeres and muscle fibres in ( 4 ) Petro- 
myxon; (B) elasmobranch; (C) teieost; and (^) urodele. eopj eos, deep and superficial 
external oblique; io^ internal oblique; longissimus dorsi; r, rectus abdominis; i;trans- 
versus; sub vertebral. 

ventral margins. These myosepta are strongly inclined backwards 
in passing from the skeletal axis to the skin so that transverse sections 
.cut several myomeres. , , 

In gnathostomes the horizontal septum (p. 42) appears, 
separating the myomeres of a side into dorsal (epaxial) and ventral 
(hypaxial) series, the line of separation approximating that of the 
lateral line canal. There is also a change in the direction of some 
of the fibres of the muscles, indicating a differentiation of the line of 
action of some of the parts. The septa are more or less angulated as 
seen from the side, the apex of the angles in both dorsal and ventral 
regions pointing backward. At the same time the myosepta are no 
longer flat but conical, a condition repeated in the myomeres (some- 
times two or more cones to a myomere) in both ep- and hyi^axial 
regions, the apex of one cone fitting into the next so that transverse 
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sections show the separate myomeres as concentric circles. The 
above also applies in general to the muscles of the tail which under- 
goes little more differentiation in most vertebrates. 

In fishes the dorsal muscles are attached in front to the base of 
the cranium and the upper part of the pectoral girdle; behind they 
continue into those of the tail. The hypaxial muscles are similarly 
related to the ventral side of the shoulder girdle and, behind to the 
pelvis (in teleosts to the basal plate of the ventral fins, the series con- 
tinuing on the lower side of the tail. The different sub-classes of 
fishes show different degrees of specialization of the trunk muscles. 

In elasmobranchs (fig. 145, B) most of the muscle fibres are 
longitudinal, but the lower part of the hypaxials have them running 
upward and backward (ascending), while in teleostomes (Fig. 145, 
C) the upper ventral fibres are descending and those near the ventral 
surface are parallel to the ventral surface. Then, in teleosts the 
deeper fibres of the hypaxial muscles, which lie next the haemal 
ribs, become attached to these structures and their fibres are ascend- 
ing. In all fishes the fibres of the epaxials are longitudinal, the inner 
ones becoming attached to the vertebrae. In these respects the ven- 
tral muscles foreshadow the rectus, obliques and intercostals of tetra- 
poda without forming discrete muscles. Many teleosts have a lateral 
rectus muscle just beneath the skin in the region of the lateral line; 
this is crossed by myosepta and is often darker than the other 
muscles. With the separation of ep- and hypaxial musculature the 
former region is innervated by the dorsal, the hypaxial by the ven- 
tral rami of the spinal nerves. In fishes a series of muscles become 
separated from the dorsal borders of the epaxial, and from the ven- 
tral parts of the hypaxial muscles, which are to cause movements in 
the median fins, muscles which are attached to the radials and elevate 
or depress them, or cause them to bend from side to side. 

In tetrapoda, in connexion with the greater amount of movement 
of body and appendages, the musculature becomes increasingly spec- 
ialized, the trunk muscles being separated into discrete structures 
to perform certain definite movements. In urodeles (figs. 145 D, 
146) the ventral trunk muscles are in four separate layers : superficial 
and deep external obliques, both with descending fibres; and inter nal 
oblique with ascending fibres, and inside of all a transversus in which 
the fibres are nearly vertical. Ventrally the obliques give rise to two 
rectus muscles which parallel the mid-ventral line on either side and 
extend from pelvic to pectoral girdle and send continuations forward 
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into the head region, these to be mentioned later. All of these are 
crossed by myosepta. Anura have apparently lost some of these, the 
body wall having a single rectus abdominis and a superficial external 
oblique. The epaxial muscles of amphibia are but little differenti- 
ated, the external fibres being largely concerned in a longissimus 
dorsi which extends from caudals to skull; the deeper layers, as 
intertransversarii, intertransversarii capitis, etc., are related to 
different parts of the vertebrae and skull. 

In amniotes differentiation goes increasingly farther, but only a 
few of the more important muscles can be mentioned here. In the 
dorsal region the myosepta are retained to a greater extent than in 
the hypaxial region where they are lost in the more specialized 



Fig. 146. — Superficial muscles of anterior part of Salamandra maculatay after 
FCirbringer. ^ anconeus; bi, humero-brachialis inferior (biceps); bs^ levator scapulse; 
€uc, cucularis; dtr, dorso-trachealis; dg, digastric; dsj dorsalis scapulae; eo, external 
oblique; Id, latissimus dorsi; m, petro-tympano-maxillaris (masseter); w/j, mylohyoid; 
7 nhp, mylohyoid posterior; pc, pectoralis; ph, procoraco-humeralis; ra, rectus abdominis; 
spc, supracoracoid; sth, sternohyoid. 

miiscleSj largely by the penetration of the septa by muscle fibres from 
the adjacent somites; and here muscles often consist of parts from 
different myomeres^ their history being shown by the innervation. 

The longissimus dorsi group extends from the pelvis to the head, 
lying on either side between the spinous and transverse processes of 
the vertebrae. It is usually differentiated into several muscles— a 
longissimus dorsi proper in the lumbar region, an ileo-costalis insert- 
ed' on the proximal parts of the ribs, ^and a longissimus capitis along 
the sides of the neck to the. temporal region of the skull. , The deeper, 
dorsal muscles likewise divide into spinaleSj between the spinous proc- 
esses, ' intertransversarii between .the transverse processes ' and' 
traiisverso-spinales between spinous and. transverse processes. In 
../higher'/ vertebrates,' the anterior' 'spinalis, -connecting :, the ^ .vertebra 
with the skull is„divided..'mto,severarrectus capitis m.uscles.;. 
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The ventral musculature (fig. 147) is still farther complicated in 
amniotes by the development of ribs and sternal structures. The 
rectus muscles now reach the sternum and are known as the rectus 
abdoininiSj their anterior derivatives continuing forward on the lower 
side of neck and head (infra). The obliques give rise to two sets^ 
external and internal^ of intercostal muscles, the fibres in each corre-* 
sponding to those of the parent layer. The transversus is usually 
divided into thoracic and abdominal parts, the anterior region being 
connected with ribs and sternum. The obliques also furnish, in 
front, the scalene muscles extending forward from the ribs on the 
sides of the neck. The psoas muscle runs from the lumbar vertebras 
to the femur and the quadratus lumborum between the ilium and the 



Fig. 147. — ^Lateral muscles of crocodile (Butschli). d, digastric; a, external inter- 
costal;/, fore limb; ii, internal intercostal; iOj internal oblique; ip, internal pterygoid; 
Id, latissimus dorsi; oes, oep, superficial and deep external obliques; p, pectoralis; sc, 
sphincter colli; tr, trapezius; tra 7 ts, transversus; tr. caiid, trunco-caudalis. Cartilage 
part of ribs stippled. 

last rib, these appearing in most amniotes. The posterior serratus 
muscles between vertebrae and ribs are derivatives of the intercostals 
and belong to the primitively ventral musculature as do the levators 
of the ribs. The pyramidal muscles of mammals are parts of the 
rectus system which are inserted on the pubis. They extend forward 
from this to the linea alba. They are well developed in the non-pla- 
centals, paralleling the marsupial bones, but are often absent from the 
placentalia. 

Turtles, with the presence of the shell, have the ventral 
musculature reduced. Snakes' have, a -peculiar system derived from 
the rectus and obliques and extending from the ribs to the skin, 
which, with others belonging to the dermal system, serve to move the 
ventral scutes in locomotion. In whales the caudal muscles are 
especially developed. 

In the head region from teii':;{ichthyopsida, fig. ;i48) ',fe^ 
(amniotes) somites appear in the early stages. Of these, three are of 
interest in connexion with the parietal musculature. They differ in 
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iiavilig no undivided lateral plates in the ventral region/ possibly the 
result of the presence of gill clefts here. These three give rise to the 
muscles of the eye, the first forming three of the rectus muscles 
(inferior, internal, superior) and the inferior oblique; the second 



Fig. 1 48. — Head of embryo dogfish {Acanthias) seen as a transparent object, show- 
ing the preotic mesodermal somites, with dotted outlines, as a, i, 2, and 3. gill 

clefts, the fifth not yet open; e, eye; oc, otic capsule; p, epiphysial outgrowth; 5, spiracle; 
F, trigeminal, F/J, faciai-acustic; IX ^ glossopharyngeal; X, vagus nerves. 

which belongs to the mandibular arch forms the superior oblique, 
while the third is transformed into the external rectus. These three 
somites are primitively supplied by the 3d, 4th and 6th cranial nerves, 



Fig. 149. — Diagram of the eye muscles of the right eye, seen from the medial side, 
sf, lateral rectus; ^/f, inferior rectus; io, inferior oblique; 4'^r, medial rectus; so^ superior 
oblique; 5f, superior rectus; ///, ocu lo motor ; /F, trochlearis; F/, abducens nerves. 

and this distribution follows the derivatives, all of the muscles arising 
from the first somite being supplied by the oculomotor, the trochlearis 
going to the superior oblique 'and the abducens to the external rectus. 
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In general these relations illustrate well the law that nerves and mus- 
cles retain their primitive relationships, but there are exceptions even 
here. Thus the sixth nerve has acquired a connexion with a 



Fig. 150. — Diagram of muscle segments in head of ernbryo vertebrate, based upon 
a shark, after Neal. The anterior myotomes tend to divide into dorsal and ventral 
moieties; persistent myotomes lined, transient with broken lines; central nervous 
system dotted, nerves black. premandibular somite; ahd^ abducens nerve, hyp^ 
hypoglossal musculature; hypn, hypoglossal nerves; om^ oculomotor nerve; sp, spiracle; 
i“6, first six somites (4, 5, 6, functional in Petromyzon); I-VIII neuromeres. 

myotome in front of that to which it apparently once belonged (fig. 
151, ahd) and supplies the third and a part of the second somite which 
forms a portion of the external rectus. 


my my 



Fig. 15 1. — Budding of muscles of appendage from myotomes in Prisliurus, after RabL 
muscle buds: my, myotomes. 

APPENDICULAR MUSCULATURE 

In those vertebrates where the history has been traced, the 
material for the muscles of the paired limbs comes from a pair of 
buds (fig. 1 51) from the ventral border of a varying number of myo- 
meres in the region where the limb is developing. These buds soon 
divide into lateral and medial halves and each half proliferates a cord 
of cells, these going respectively to the dorsal and ventral sides of the 
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appendage. These cells soon lose' their distinctness and : form a 
blastema from which the intrinsic muscles are derived; the extrinsic 
muscles are derived directly from the myotomes. The nerve.supply 
of the limb consists of rami of as many spinal nerves as there are 
contributing myomeres. ' 

The muscles which move the appendages are divided into intrinsic 
which lie in the appendage, and have their origin from either the 
supporting girdle or from the bones of the free appendage. The 
extrinsic have their origin on the trunk and are inserted on the girdle 
or at the base of the limb. The intrinsic muscles bend the limb on 
itself, the extrinsic move the limb as a whole. As would be expected 
from the motions of the fins, intrinsic muscles are hardly noticeable 
in fishes, the motions being accomplished by the extrinsic group. 
These latter are divided into protractors which pull the fin forward, 
and antagonistic retractors; levators which raise the member, 
depressors which pull it down. 

With the development of legs (tetrapoda) the appendicular 
skeleton is converted into a series of levers and the intrinsic muscles 
are correspondingly differentiated and developed. Details cannot 
be given here as there are so many modifications, but the muscles may 
be grouped as flexors which bend the limb or its parts; extensors 
which straighten it, and rotators which turn it on its axis. These 
undergo the most modification in the distal regions, the muscles of 
the upper arm and thigh being more constant in character and posi- 
tion. Even more constant are the extrinsic muscles which may be 
grouped as in fishes. Most prominent of the levators of the fore 
limb are the trapezius (visceral in origin) and levator scapulae, while 
the pectoralis and anterior serratus act as depressors (figs. 146, 147). 
The sternocleido-mastoid and the levator scapulae act as protractors, 
the minor pectoralis and the latissimus dorsi are their antagonists. 
In the pelvic region the extrinsic muscles are less differentiated. 
The pectinens and adductors femoris act as protractors, the pM-, 
formis counteracts them. The limb is drawn toward the middle line 
hy a pubo-femoralis, the gluteus muscle acts as a retractor , and', 
'elevator. 

As mentioned above, parts of the hypaxial muscles extend 
forward into the head, this holding 'for the series which, in the trunk, ; : 
forms the rectus abdominis, these, constituting the hypobrancMal 
iiiusculature,; while ^some animals have a somewhat similar . series of 
epibrancMal muscles, the latter supplied like , the others, by ventral 
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rami of the spinal nerves. The epibranchials are developed as sepa- 
rate muscles between the pharyngobranchial cartilages. The lower 
series lie beneath the pharynx and oral cavity and are grouped as 
hypobranchials. All receive their nerve supply from the ventral 
rami of the hypoglossal, spinal and spino-occipital nerves, which 
form a plexus. These hypobranchials in elasmobranchs (hg. 148) 
are the coraco-arcuales which extend from the coracoid to the lower 
jaw, but are divided into parts by branches which go to the skeletal 
arches into coraco-branchials, coraco-hyoid and coraco-mandibular. 



Fic, i52.—Superficiai muscles of dog (Ellenberger and Baum), b, bracliialis; k/ 
brachiocephalic; bf, biceps femoris; cleidocervical; d, digastric; dt^ deltoid; g, glutens; 

intercostais; Id, iatissimus dorsi; masseter; mk, mylohyoid; oc, external oblique 
abdominal; ot, omotransversarius; p, pectoralis; pg, parotid gland; ra, rectus abdominis; 
s, sartorius; sc, sternocephalicus; submaxillary gland, sh, sternohyoid; semimem- 
branosus; 5/, semi tendinosus; trapezius; triceps brachialis. 

These retain their myosepta. The muscles in tetrapoda are in two 
groups, stemo-hyoid reaching from the sternum (in urodeles forming 
a direct continuation of the rectus abdominis) to the hyoid, in front 
;,of this a gemo-hyoid wHch extends, to the lower jaw and in anura 
gives off branches (genio- and hyoglossus) which go into the tongue. 
The same muscles appear in amniotes, the sterno'-hyoid varying in its 
posterior attachment (sternum, clavicula, coracoid), and it may be 
<ii\dded in its course into a thyreohyoid and a stemothyreoid'niusele ' 
by the thyreoid cartilage. 

VISCERAL MUSCLES 

The visceral muscles arise from the lateral plates of the 
mesothelium of the head region, this being broken up into solid 
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bands, (which, may , or may not be myotomic in their relations) by 
the penetration of the pharyngeal walls by the gill clefts. ' The series 
begins in ■ the mandibular arch and extends back to the last 
branchial arch. ■ 

In their most primitive form in elasmobranchs (they are modified 
in cyclostomes) the cords of cells in each arch form constrictor mus- 
cles' on either side, their contraction tending to narrow the pharynx 



Fig. 153.' — Ventral and dorsal visceral muscles oi AcaniMas (Marion), a, adductor 
mandibiilse; coracobranchialis; cc, coraco-arcualis communis; c/2, coraco-liyoid; cm, 
coraco-mandibularis; dc, dorsal constrictors; levator maxillaris superior; rectus 
abdominis; trapezius; ic, ventral constrictors. 

and to close the gill clefts. Each constrictor extends above the top 
of the clefts, while ventrally the fibres of one side may pass to the 
other, the whole lying ventral to the hypobranchial musculature 
just mentioned. It is supplied by the tfigenjinal, facial, glosso- 
pharyngeal and vagus nerves, and this gives a means of tracing 
homologies. In elasmobranchs each constrictor is divided into dorsal 
and ventral parts (fig. 153). The parts of the anterior constrictor 
(i) are distinctly separated, the dorsal part ser%dng to dose the jaws 
(adductor), the ventral lying between the halves of the lower jaw 
(mylohyoid, intermaxillary, etc^) and not being sharply marked off 
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from tlie ' ventral part of constrictor . 2. The adductor is usually 
divided into two or more discrete muscles— an adductor mandibute 
which has its origin on the pterygoid arch, and in skates has several 
subdivisions; another part is more posterior and serves to elevate 
the pterygoquadrate cartilage. 

In tetrapoda the derivatives of the dorsal part of the first 
constrictor are more differentiated than in fishes — less in sauropsids 
than in urodeles where the adductor splits into a superficial masseter^ 
and a deeper temporalis muscle, these having different points of 
origin and insertion in different groups. There is also a pterygoid 
muscle ; its nerve supply from the trigeminus would seem to indicate 
came from the same constrictor. Mammals have corresponding 
muscles, the single pterygoid of lower forms being divided into 
separate external and internal pterygoid muscles. 

The facial nerve supplies the second constrictor which belongs to 
the hyoid arch. Its dorsal part forms a levator of the hyomandibula 
in fishes, the lateral part is a true constrictor, while the ventral is 
associated with that of the first, forming the posterior part of the 
mylohyoid. The hinder part of the dorsal constrictor is attached to 
the skull and sometimes to the vertebras, while below it is inserted 
on the posterior angle of the jaw and is the depressor of the mandible; 
in mammals it is inserted farther forward on the inner lower margin. 
In mammals it has two bellies, whence the name digastric. In the 
non-mammalian tetrapoda a sphincter colli is common (fig. 147), 
being formed from the dorsal part of the facial constrictor; it some- 
times extends far down on the.neck; in mammals it is well developed 
in monotremes, reduced elsewhere. The rest of the \dsceral miiscii- 
lature is well developed only in the gill-bearing larvae and in fishes 
where there are developed ceratohyoids (external and internal) 
between the hyoid and the first branchial arch, elevators and 
depressors of the gills, etc. In others this posterior part has either 
been lost or has changed its functions and has become associated with 
the larynx and pharynx. ■. 

Lastly : may be mentioned the trapezius (cucuUaris) muscle, 
supplied' by the vagus . nerve ,: (and, accessory in, (manimais). 
:It;, comes (from the. posterior' constrictor in most, gnathostomes and. 
has its origin on the skull, and sometimes as far back as the anterior 
vertebrae, and is inserted on the scapula. From its ventro lateral side 
there separates in mammals a stemo-cleido-mastoid muscle, reach- 
ing from sternum and clavicle to the mastoid region of the skull 
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THE DERMAL MUSCLES 

The muscles already mentioned are connected with the skeleton^' 
but in the higher vertebrates a dermal musculature appears in which 
the muscles are inserted in the skin, although they are derived froin 
the parietal muscles. This system is poorly developed in the am- 
phibia, and increases in the reptiles and birds, where it serves to move 
the scales,, scutes and feathers. It is especially noticeable in ' the 
snakes, where it is largely concerned - in the movement of the scutes 
•in creeping. ' 

The system '.acquires its greatest development in mammals.. In 
the marsupials, for- instance, .there is an extensive dermal musculature, 



Fig. 1,54. — Principal: dermal muscles of head of man. ua, '.as^ auriculares anterior 
and superior;/, frontalis; w, masseter;;oc, occipitalis; <50, orbicularis" oris ; orbicularis 
palpebrarum; pm, platysma myoides; -^, sternocleidomastoid; I, trapezius.. , : 

the panniculus camosus, covering a large part of the body and the 
appendages. It is by means of this that various mammals twitch the 
skin to dislodge insects, etc., while armadillos and hedgehogs roll 
themselves into a ball by means of a part of the layer. In the pri- 
mates the dermal muscles are restricted to the neck (plalysma my- 
oides) and the head, all parts of them being supplied by the facial 
nerve belonging primitively to the hyoid region. The platysma ex- 
tends forward from the neck and by growth and division gives rise to 
the muscles of expression— the orbiculares which close the lips and 
eyelids, the muscles which lift lips, nose and lids and those which 
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■ move the ears — muscles which as a whole have their highest devel* 

■ opment in man (fig. 154). 

THE DIAPHRAGM 

The diaphragm is a transverse voluntary muscle which crosses the 
body cavity of the mammals just behind the pericardium and lungs. 
Its muscles are in part derived from anlagen in the neck, in part from 
the rectus and transverse muscles of the lower surface. Various- 
attempts have been made to recognize similar muscles in the lower 
vertebrates, in some cases with considerable success. Its develop- 
ment is outlined in the section on the coelom (p. 18); it being only- 
necessary to add here that parts are also contributed by the pleuro- 
peritoneal membrane and by the dorsal mesentery. The diaphragm 
is dome-shaped and is attached to the vertebral column and to the 
ribs. It is traversed by the oesophagus and the large arterial and 
venous trunks. In some mammals the muscular portion is confined 
to the margin, the centre being membranous; in others the muscle 
fibres extend across it. Contraction of the muscles flatten it, thus 
enlarging the pleural cavities and drawing air into the lungs, and so 
aiding in respiration. It is supplied by the phrenic nerve which^ like 
the muscles, arises in the cervical region, a fact of interest when it is 
recalled that lungs and heart (anterior to the diaphragm) arise in the 
primitive head region, and later migrate into the trunk. 

ELECTRICAL ORGANS 

It is well known that the contraction of a muscle causes the dis- 
charge of a minute amount of electrical energy, so it is not surprising 
that in certain cases muscles are modified into electrical organs. 
The known cases occur only in elasmobranchs and teleosts. The dis- 
charge is weak in most species, but is strong in Torpedo and Gymnolm, 
In all but Malapterurus the electrical organs are clearly modified 
muscles, situated in the head in Torpedo and Aslroscoptis (fig. 155), 
in the trunk of Gynmokis, and in the tail of Raici, the nerve supply 
being correspondingly varied. Thus in Torpedo the seventh, ninth 
and tenth cranial nerves are concerned, while in Gymnolus and the 
skates the supply is from the spinal nerves. ■ M alapkrurm is peculiar 
in that the organ is in the integument and has been supposed by some 
to arise from modified glands. It is more probable that here as else- 
where it is derived from the muscles, as the organ is under control of 
the will; the development has yet to be studied. This diversity of 



MIJSCULAE SYSTEM : 147 

origin clearly shows, that the electrical functions have been, separately 
acquired in the different species. , ' 



Fig. 155.— -Head of Astrosc&pus y-grxcum, after Dahlgren and Silvester. The 
dotted line on right shows extent of electric organ, on the left the eye muscles and 
nerves as forced out of place by the electric organ, ah, abducens; cil, ciliary nerve; e, 
eye; en, electric nerve; n, naris; olf, olfactory nerve; om, oculomotor; op, optic nerve; 
re, rif, rint, ts, external, inferior, internal and sui)erior rectus muscles; rp, palatine 
nerve; $0, superior oblique muscle; tf, trigeminal-facial nerve; ir, trochlearis nerve. 

The organs are composed of a large number of elec- 
trical plates (electroplaxes) arranged at right angles to 
the axis of the primitive muscle, each derived, where 
the history has been traced {Torpedo, Raia), from a 
primitive muscle cell. In the typical condition each 
plate consists of an outer electric layer, differentiated 
into a nervous side and a so-called nutritive side, with 
a middle striated layer between them, the latter in a 
few cases being weakly developed or -absent. Nervous 
stimulation 's always by motor roots ■ leading , to the 
nervous layer, the connexion corresponding to the nerve-: 
end of a muscle cell. Numbers of these electroplaxes 
'■are included ' in a connective- tissue, compartment^ with 
■ a ' gelatinous substance between them .and,, all with their 
' nervous 'layer turned in the same direction..,, ■ 

organ apparently^ is derived 'from 
part of the jaw muscles and the': prisms of plates are 



Fig. ' 156.—, 
Dia.gr am of, 
electric organ 
of Torpedo 
(Biltschli). e, 
electroplax; g, 
gelatinous lay- 
er; n, nerve. 
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arranged vertically. In Astroscopus (fig. 155) it is said that the 
tissue comes from some of the eye muscles, while in Gymnotus the 
ventral trunk muscles are concerned and the columns of electroplaxes 
are horizontal. In the same fish the discharge is always in the same 
direction, e.g., in Torpedo from below upward. 

THE NERVOUS SYSTEM 

Nervous and sensory structures are closely related to each other, 
and their distinction in the higher animals is the result of differentia- 
tion among cells which were originally both nervous and sensory in 
character, and it is in this broader sense that the term nervous 
structures is used in these introductory paragraphs. 

The nervous system primarily has to inform the animal of the con- 
ditions, good and bad, in the environment, to correlate this informa- 
tion and to regulate the motions so that advantage may be had of this 
knowledge. These facts have determined several features of the 
nervous system. Thus they have determined its origin in the ecto- 
derm, the outer layer of the body, which comes into relation with the 
external world. Since this information has to be carried to internal 
parts, conducting tracts or nerves have arisen, while the correlating 
function has been localized in the body of the cells where incoming 
and outgoing tracts meet. 

Very important of the primitive functions was the determination 
of the character of the food, which would lead to the greater aggrega- 
tion of the nervous tissue around the mouth. As we have seen (p. 
12) the anlage of the central nervous system of the vertebrates oc- 
cupies such a position around the blastopore, or mouth of the gastrula, 
in the form of the neural plate, a part of which is prebias toporal. As 
the external surface of the body is most exposed to injury, the nervous 
structures, with the closure of the blastopore, have been protected 
by removal to a deeper position, through the rolling of the plate into 
a tube. The closure of the blastopore brings the two halves of the 
plate into close association with each other, making it a bilateral 
structure. With bilaterality comes the tendency of one end of the 
animal to take the lead, resulting in the concentration Of nervous and 
sensory structures at the anterior end, which first comes in contact 
with foreign objects. In this way a brain has been specialized apart 
from the rest of the nervous system. 

With the appearance of metamerism in the mesothelium and the 
development of muscles from the myotomes there results a serial 
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repetition of motor nerves going to these, since each musclp must have; 
its own nerve supply, while sensory nerves are the resulf of the sink- 
ing; of the neural plate to a deeper position, as the sensory organs 
must be largely in the skin. 

, The close association of sensory and motor nerves in the trunk region of verte- 
brates is not yet satisfactorily explained. The fact that in AmpMoxus the two 
kinds of nerves are independent of each other throughout their course shows that 
the vertebrate condition is not primitive. 

The infolding of the nervous plate has been described (p. 12) and 
with that stage the present account begins. As the plate is broad- 
est in front, the result is a larger anterior portion of the tube, the 
brain, while the rest of the tube gives rise to the spinal cord. Brain 
and cord constitute the central nervous system, while the nerves 
arising from the brain and cord form the peripheral nervous system. 

CENTRAL NERVOUS SYSTEM 

The neural (or medullary) plate (p. 12) is a thickened portion of 
the ectoderm which surrounds the line of closure of the blastopore. 
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Fig. 157.— ‘Earlier (. 4 ) and later (B) transverse sections of Amblystoma embryos, 
B being also more posterior, a, archenteron; optic pit (pigment shown on left side) ; 

entoderm; m, mesothelium (with somatic and splanchnic layers) ; n, notochordal 
cells and (B) notochord; »c, neural crest; neural groove; 7ip, neural plate; p^ primitive 
groove. 

It is thinner in the middle line than elsewhere (primitive groove), and 
at the margins passes rather suddenly into the unmodified ectoderm 
which is to form the epidermis (fig. 157, . 4 ). With further develop- 
ment the edges of the plate are elevated as neural folds (fig. 157, a) 
with a neural groove between them. The folding process continues 
until the folds meet above and the plate is rolled into a tube, the 
edges of the folds fusing, and the tube being then cut off from the rest 
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of the ectoderm (fig. 159, . 4 ). The thinner portion the primitive 
groove, becomes the floor plate of the tube, while a similar roof plate 
isiormed dorsally, where the neural folds met. The sides of the tube 



Fig. 158. — Section of embryo sea-bass (Serranus) after H. V. Wilson. Cy notochord; 
ecy ectoderm, developing in the middle line a distinct keel,. forming a solid cord in 
which a lumen appears later; en, entoderm; m, mesotheiium. 

are several cells thickj and the lumen of the tube is called the central 
canal. From the method of its formation it will be understood that, 
the inner surface of the tube is homologous with the outer surface of 
the general epidermis of the body, a point of importance in connexion 
with the development of the eye. 



Fig. 159 . — Ay diagram of early spinal cord; B, later, showing increase in size and 
consequent ventral fissure, c, central canal; ectoderm; /, floor plate; aniage of 
spinal ganglion; nc, neural crest roof plate; sulcus iimitans; i', ventral fissure. 


This general account of the formation of the neural tube will not exactly 
apply to cyciostomes, teleosts and some ganoids. In these forms the neural 
plate thickens into a deep keel (fi.g. 158) dipping deep into the embryo. Later 
a central canal is formed in the keel, so that the final result is the same as that 
described above. 

Spinal Com) 

From this simple tube, the brain and the spinal cord are differen- 
tiated. After the separation of the tube from the rest of the ecto- 
derm, the cells of the side walls begin a rapid proliferation, while 
those of roof and. floor plates do not. As a result the sides of the 
tube extend laterally and especially toward the ventral side so that 
the floor plate comes to lie at the bottom of a groove, the anterior or 
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veiitral'' ;fissiire B,v) running the. whole length '.of the cord. 

At first the roof plate is carried upward by, the increase in . the sides 
of the cord, thus increasing the vertical diameter of the central canal, 

, Then the , dorsal part of the canal closes — the exact steps are' 
uncertain — and later the, line of closure is invaded by connective 
tissue carrying blood-vessels, the result being a marked dorsal sepa- 
ration between the two 'halves of the' cord, the posterior or dorsal 
septum (fig. 160, Fp), 

The cells which line the inside of the cord — floor, roof and sides — 
retain their epithelial appearance through life and form the ependjma 
which is non-nervous in character,^ The other cells of the sides be- 
come differentiated in two directions. Some develop processes 
which surround and support the other cells, these forming the 
neuroglia (^glia^). The others form the neuroblasts which are to 
develop true nervous tissue. 

In the early stages the neuroblasts are without connexions with 
distant parts and hence cannot function as nerve cells. These con- 
nexions are established by protoplasmic outgrowths from the neuro- 
blasts which can extend to enormous distances. These form the 
afferent and efferent fibres of each neuron (p. 24). Some of these 
fibres produced in this way extend out from the cord as nerves 
(see below), but others run longitudinally for grgfiter or less 
distances on the outside of the cord, thus forming an en"“ npe of fibres 
(the mai'ginal layer) on the outer surface. Since ti" ise fibres are 
medullated (p. 24) and are consequently white, the envelope forms 
what is known as the white matter of the cord, while the more internal 
parts, composed largely of the cell bodies, constitute the gray matter. 

In the adult of the higher vertebrates the gray matter, in trans- 
verse section (fig. 160), is shaped something like the letter H, with 
the central canal in the middle of the cross bar. The uprights of the 
H form two pairs of ridges of gray matter which run lengthwise of the 
'cord, known as the posterior and anterior columns (formerly . cornua),; 
of the cord. . Where the cross bar meets the, columns there is -a, third ' 
or lateral' column^' differing markedly in relations and function from "' 
the others. Since both anterior and posterior columns approach 
nearer the surface of the cord than .does the rest of the gray matter^: 

^ The ependymal cells differ from epithelia in that processes arise from their basal 
ends which extend inward into or through the gray matter of the cord, and in amphibia 
the cells of the floor-plate are said to differentiate into neurons which may have com- 
missural functions. 
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they divide the white matter into three longitudinal tracts, the 
funiculi (formerly called columns) , dorsal, lateral and ventral in posi- 
tion (fig. 160). The location of the roots of the spinal nerves, to be 
described later, still further emphasizes the limits of the funiculi. 

As the white matter is composed of longitudinal fibres, these 
funiculi serve as tracts by which the different parts of the central 
nervous system are connected with each other. Farther, there is a 
differentiation of the fibres. Those in the dorsal funiculus carry 



Fig. 160. — Diagram of spinal cord and nerve roots; gray matter shaded. 

F, ventral, iatefi/l and dorsal funiculi; Ap, fasciculus cerebros|)inaiis anterior; B, 
fasciculus cuneailft (Burdach); cc, central canal; ca, cl, cp, anterior, lateral and pos- 
terior columns oi ray matter; Dr, dorsal root of spinal nerve; Fa, ventral fissure, Fp, 
dorsal septum; {r? fasciculus gracilis (Goll); i', ganglion of dorsal root; fasciculus 
cerebrospinalis lateralis; spinal nerve. 

impulses toward the brain — are ascending tracts; while the ventral 
funiculus of either side is a descending tract and the lateral funiculi 
consist of fibres of both kinds and carry, impulses in both directions. 

The fibres in ' each of these funiculi . are grouped in smaller 'bundles or, ■ 
fasciculi, each with its name, some of which are indicated in figure 160. As some 
of these fibres coming from the brain are. distributed at different levels along 
the. "cord,., and others,, going to the brain, are added to the funiculi at different 
places, It follows that the size of the funiculi decreases' with the, distance fro.111 
■ the brain, and that some of the bundles. . may .disappear in the, more distal parts 
■of the cord,.' ■, . . ■ ' 

In the higher groups the spinal cord is. approximately cylindrical, but in the 
lower it is flattened dorso-ventraily, the flattening being greatest in the cyclos- 
.tomes, , In the,, .lower, groups there is also a difference in the shape of the gray 
matter, the H shape being less distinct (fig. 179). 

In the fishes the cord tapers pretty regularly from the brain to the posterior 
end, but with the development of legs and an increase of the muscuiaturei the 
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Spinal cord becomes enlarged in. the regions where the nerves for the limbs are 
given off ; this reaching possibly the extreme in certain fossil reptOes where casts, 
of the spinal canal indicate that there was an accumulation of nervous matter 
near the hind legs which exceeded the brain in size. ' 

In the early stages the nerves leave the spinal cord' at nearly right angles to 
its axis. Then there occurs an inequality in ^owth^ the body increasing more 
in length than does the cord. As a result the more posterior nerves pursue a; 
very oblique course and in the hinder part of the spinal canal of the higher verte- 
brates they form a bundle of parallel nerves, the cauda equina (horse-tail). 
Another result of the unequal growTh may be the drawing out of the hinder end 
of the cord into a slender, non-nervous thread, the fflum terminale or this may 
be the result of the reduction of the tail in man and anthropoid apes. ^ 

The Brain 

A knowledge of the structure of the spinal cord throws light upon 
the greatly more complex brain, for the latter is primitively a tubular 



Fig. i6i. — Diagrams of the development of the brain (based on Kingsbur}.^) . A, 
Early neural plate before closure, with zones marked; By longitudinal section of brain 
tube; C, later stage with parts differentiated, c, cerebellum; corpus striatum; d, 
dorsal zone; e, epiphysi^ll organ; /, floor plate; /z, hemisphere; % infundibulum; if, inter- 
ventricular foramen; /, lamina terminalis; w, mammillary recess; n, notochord; o, 
olfactory region and bulb; p, preoptic recess; s, sulcus limitans; v, ventral zone. 


structure, with roof, floor and sides, which at first closely resemble 
those of the cord. It has also nerves connected with it which recall 
those of the spinal cord, to be described later. 

At first the part of the neural plate which is to form the brain is 
nearly flat, but larger than the rest, and this part may be subdivided, 
in the light of its later history, into two regions, one lying on either 
side of the notochord, the other being prechordal. When the plate 
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is rolled into a tube, the floor plate extends only as far as the end of 
the notochord.. In this chordal part a groove, sulcus limitans or 
sulcus of Monro (figs. 159, 161, s) often divides the plate longitu- 
dinally into two zones, dorsal and ventral (alary and basal), but 
in the prechordal region the zones of the two sides pass into each 
other (fig. i6r. A), the prechordal part developing into the fore brain, 
the rest of the cranial neural plate forming the hind brain. 

This distinction of the two zones is of great importance, for the 
dorsal is to be connected with the sensory structures, the ventral will 
be motor in character. Also, the most noticeable changes in develop- 
ment, as well as in the evolution of the vertebrate brain, are concerned 



phalic evagination:^ horizontally lined; thalamus vertical lines, Cj common ventricle, 
f, interventricular foramen; I, lateral ventricle; w, midbrain; o, olfactory bulb; ter- 
minal lamina; //, optic nerve; 3, third ventricle. 

with the dorsal zone, the ventral being much more conservative. 
As in the cord, the side walls are the chief seat of nervous develop- 
ment, while roof and floor plates, for the most part, retain their 
non-nervous character, though in some places they may be invaded 
by nervous matter from the sides, and in some cases (amphibia) 
neurons differentiate in the floor plate. 

With the closure of the plate to a tube, the brain has three 
enlargements, fore, mid and hind brains, separated by constrictions 
(fig. 161, B). Unequal growth of the dorsal and ventral parts causes 
a flexure of the brain, bringing the primitively terminal parts of the 
fore brain to the (topographic) floor. At the tip of the plate is an 
area which, after the flexure, forms a pit, the preoptic recess, on the 
floor, while in front of this is a thin, non-nervous terminal lamina, 
and behind it are two evaginatioiis, the first being the infundibulum, 
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the second the mamillary recess which marks the ventral end: of the, 
fore brain below.' On the dorsal mid line near the posterior' end of 
the fore brain will be one or two evaginations, the epiphysial organs* 
The fore brain is gradually differentiated into two regions, a 
telencephalon or end brain in front and a diencephalon or ’twixt 
brain behind. Apparently the telencephalon was origin gjly that 
part of the brain most intimately connected with the sense of smell, 
(a function it still retains) and so, in its evolution there comes, first, 
(fig. 162, A) a pair of evaginations from the more dorsal anterior part 
of the fore brain as a pair of olfactory bulbs (rhinencephalon) which 
connect with the olfactory sacs, and which contain diverticula of the 
original brain cavity, the rest remaining in the fore brain as the 
cominon ventricle. In elasmobranchs (J 5 ) there is a farther advance 



Fig. 163. — Half of model of brain of embryo pig, 15 mm. long. Jompare with fig. 
161, 3.) cerebral hemisphere; ch, cerebellum; cs, corpus striatum; ji, interventricular 
foramen; m^^iidibulum; w, isthmus; mesencephalon; wf?, medulla oblongata; ro, 
preoptic recess; tj thalamus. 

in that more of the wall of the primitive fore brain is carried out, 
thus showing the beginning of paired cerebral hemisphereSs which 
are more strongly marked off, in amphibia (Z>) and amnio tes, from 
the diencephalon, while the common ventricle is now divided into a 
pair of lateral ventricles in the hemispheres, wliich are connected 
with the rest of the primitive cavity, now the third ventricle, in the 
Twixt" brain,; by narrow' :openmgs, the: intervenMcidar , foramina 
(foramina of Monro). With these outgrowths a large ganglionic 
mass, the corpus striatum, is carried out in the lower lateral wall of 
each hemisphere. The roof plate of the primitive fore brain is not 
nervous ; from it are developed a thin-walled sac, the paraphysiSj which 
extends outward from the brain, and behind it a thin infolding of the 
roof, the velum transversumj usually regarded as limiting the tel- 
encephalon behind. 
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After the outgrowth of the cerebral hemispheres^ the reinaiiider 
of the fore brain forms the diencephalon (^twixt brain or' thalaJBeii"” 
cephaloii)^ thiSj like the hemispheres^ being formed by the dorsal 

zone. The lower part of the region is 
the hypothalamnSj the upper part be- 
comes a more dorsal epithalamus and 
a larger and more ventral thalamus. 
In the mid dorsal line' are the epiphy- 
sial organs which will be described later 
(p. 1 61).. In the mid ventral line are 
the infundibulum, an evagination which 
later comes into close relations with the 
hypophysis (p. 164), and the mammil- 
lary recess. 

In the mid-brain or mesencephalon 
there are but slight changes. The 
upper part of the side walls of the dorsal 
zone become thickened into a pair of 
prominences— the optic lobes or cor- 
pora bigemina (in the mammals there 
are two pairs of such lobes- — corpora 
quadrigemina) which protrude on the 
dorsal surface. The roof plate remains 
comparatively thin, but the lower lateral 
sides (ventral zone) become thicker and 
form ■ the- cerebral peduncles (crura 
cerebri) . .The more ventral parts meet 
in the middle line in a raphe, obliterat- 
ing the floor plate. 

■ The isthmus is a constriction of the 
dorsal zone wHch separates sliarpiy the. 
mesencephalon' from the Miid-brain. 
m The latter region , (rhombencephaloii) 
there 'are -considerable modifications .of . 
the dorsal zone, the anterior part of which., ... 
develops dorsally , forming an : elevation 
of the surface, the cerebellum or metencephalon^ the extent of 
which varies greatly in the different classes' of vertebrates. The rest 
of the dorsal zone and the whole of the ve'ntral zone of the hind-brain 
form the myelencephalon or medulla oblongata. The roof plate in 



Fig. 164. — Diagram of lower 
liaif of brain, the cerebellum in 
position and represented as if 
transparent, a, aqueduct; al, 
acustico-lateralis lobe; c, corpus 
striatum in floor of lateral ven- 
tricle of telencephalon; cc, cen- 
tral canal of cord; /, interven- 
triculai foramen; infundibulum; 
I, lamina terminals; //, longitudinal 
fissure; mesencephalon; 
metencephalon; my, my'-eienceph- 
alon; rhinencephalon; 

pallium; visceral lobe; 3, third 

ventricle in diencephalon; 4, 

fourth ventricle. 
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the cerebellar region becomes thickened by the invasion of nervous 
material from either side, while behind the metencephalon the plate' 
becomes greatly expanded, and stretches into a thin and broad 
sheet. The floor, on the other hand, becomes greatly thickened and 
constitutes the pyramids which pass in front into the cerebral 
peduncles. Behind, the medulla passes gradually into the , spinal- 
cord, the line between medulla and cord being, marked, ' not , by 
any structural difference in the. nervous tissues, but by the posterior 
limits of the skulL 

Ventricles.— Thus there are formed from the three early divisions 
of the brain, five regions — telencephalon, diencephalon, mesenceph- 
alon, metencephalon and myelencephalon — which occur in all verte- 
brates. These usually retain in their interior the derivatives of 
the cavities of the original three divisions, which were but a 
continuation of the central canal of the spinal cord. By* the 
outgrowth of the cerebral hemispheres the cavity of the fore- 
brain becomes divided into three chamber's or ventricles, one lateral 
ventricle in each hemisphere, and one, the third, in the Twixt-brain, 
the lateral ventricles being connected with the third by a pair of 
narrower canals, the interventricidar foramina (foramina of Monro). 
In the higher vertebrates the primitive ventricle of the mid-brain 
becomes reduced to a narrow tube, the aqueduct or iter, but in the 
lower vertebrates it remains large and may extend up' into the optic 
lobes where it is called the mesoccele. The aqueduct is limited 
behind by the isthmus, but beyond this comes the very large fourth 
ventricle below the cerebellum and extending back into the medulla, 
where it gradually narrows to the central canal of the cord. In many 
lower vertebrates the anterior part of the fourth ventricle may 
extend as a metacoele or epicoele into the cerebellum (fig. 184) . 

Tete Chorioidese. — The brain, as well as the spinal cord, receives 
nourishment from blood-vessels distributed over the outer surface, 
but, in '' addition, extensions of' these outer vessels carry the roof' 
plates of the fore- and hind-brains before them into the ventricles 
of these ' regions. These foldings -of- the plates are called tete 
chorioidege (figs. 165, 167) or chorioid plexuses, and by their means 
nourishment passes by osmosis into the ventricles: and so to the inner 
surfaces of the' brain. Usually the chorioid plexus of the fourth ven- 
tricle is torn away in removing the envelopes of the brain, leaving a 
'large: opening, the fossa ihomboidea, into the cavity. , ; '■ 
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Flexures^— Thus far the brain has been considered as if it were 
a continuation in a straight line of the spinal cord. In factj by 
unequal growth' of the two zones, it becomes flexed in the vertical 
plane. Most constant is the primary flexure in the mid-brain, by 
which the derivatives of the fore-brain are bent at a right angle (or 
even more) to the axis of the rest (fig. 166). Second to appear is the 
'nuchal flexure in the hinder part of the medulla oblongata which 
bends in the same direction. The pontal flemrej in a plane with the 
cerebellum tends to counteract the effect of the other two as it bends 
in the reverse way. Nuchal and pontal flexures are at best but 



Fiq. 165. — Diagrammatic longitudinal section of brain, ac, anterior commissup 
larnina terminalis; aq, aqueduct; c, cerebral hemisphere; cbj cerebellum; cliorioid 
plexus; cs, corpus striatum; cvj cerebral ventricle; hypophysis; he, habenular commis- 
sure; i, infundibulum; ip, inferior chorioid plexus; m, mesencephalon; ml, myelence- 
phalon; p, pinealis; pa, paraphysis; pc, posterior commissure; pe, parietal e.ye; y, anterior 
medullary velum; vt, velum transversum with aberrant commissure; III and /F, third 
and fourth ventri^es. 

weakly developed in the ichthyopsida where practically all flexures 
are obliterated in the adult, but in amniotes they are increasingly 
developed and persist throughout life. 

Brain Strai. — In the higher vertebrates the parts of the brain 
already enumerated, cerebrum and cerebellum excepted, but usually 
including the corpora striata, are called the brain stem, because they 
are the part from which cerebrum and cerebellum project as well as 
the place where many of the fibre tracts are situated. 

Medulla Oblongata.— Of all parts of the brain the medulla or 
myelencephalon most closely resembles the spinal cord. Viewed 
from above it is triangular in outline, the dorsal parts of its side walls 
being wedged apart, and then forced to turn abruptly toward the me- 
dian line by the great expansion of the roof plate of the fourth 
ventricle. The floor plate has lost its non-nervous character by the 
invasion of several nerve centers in the ventral side and by the 
differentiation of neurons in the plate itself, these serving as places 
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where nerve impulses, brought by efferent fibres, are redistributed to 
other neurons. 

As a result of the expansion of the anterior end of the medulla 
oblongata, the fibre tracts of the dorsal and the dorsal part of the 
lateral funiculi are carried to the sides of the cerebellum, to enter 
which they must bend abruptly inward, thus forming a cord, the 
corpus restiforme (inferior cerebellar peduncle) on either side. The 
other fibre tracts form a pair of bands, the pyramids, on the ventral 
surface of the myelencephalon which are continued forward beneath 
the mid-brain as the cerebral peduncles (crura cerebri), the con- 



Fig. 166.— Median section of brain of pig 15.5 mm. long, slio*"ing flexures of the 
brain. C, primary flexure; corpus striatum; CjP, chorioid plexm of fourth ventricle; 
h, hypophysis; infundibulum; M, mid-brain; N, nuchal flexure; nc^ notochord and 
vertebrae; P, pontal flexure; PO, optic recess; T, ’twixt-brain. 

tinuity being evident in the lower vertebrates, but somewhat ob- 
scured in the mammals by the development of the pons, soon to be 
mentioned. 

Cerebellum. — ^The cerebellum or metencephalon is developed 
from the anterior part of the dorsal zone and roof plate of the hind- 
brain, the roof plate being invaded by nervous matter from either 
side. In front it is bounded by the isthmus, which, together with 
the anterior wall of the cerebellum, forms a transverse fold, the 
anterior meduUaiy, velum (valve of. Vieussens), which dips into'the' 
fourth ventricle. In the lower vertebrates there is but a single part 
to the cerebellum, which corresponds to the vermis of the mammals. 
In the higher reptiles and birds a small lateral outgrowth on either 
side, the flocculus (fig. 190), appears near the ventral portion. This; 
is the auricle of the neduUa of lower forms, a part of the acustico- 
lateralis system which in ichthyopsida 'lies in the sides of the fossa') 
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rhomboidea. In the mammals a large cerebellar hemisphere is 
developed on either side, between vermis and flocculus, the latter 
being thus forced to the lower surface. 

In the lower vertebrates a few fibres from either side of the cere- 
bellum pass across the ventral surface of the pyramids to reach the 
other side. In the mammals the number of these is greatly increased , 
so that a large transverse band, the pons (Varolii) is developed on the 
lower surface of this part of the brain stem. These fibres, as they 
enter or emerge from the cerebellum, form the middle pedimcie or 
brachimn pontis. In front, the cerebellum is connected with the 
mid-brain by a longitudinal tract, the anterior peduncle or brachium 
conjtmctivum. This starts, in the mammals, from a large nerve 
centre, the nucleus dentatus, in either cerebellar hemisphere. 

Mesencephalon. — The mesencephalon is practically the mid- 
brain of the early embryo. It undergoes little modification except 
that, on the dorsal surface, two lateral swellings, the optic lobes 
are developed, these being transversely divided in the mammals into 
four, the corpora quadrigemina (fig. 176, ol). On either side the 
optic lobe is connected with fibres coming from the eye of the opposite 
side. The floor is greatly thickened by the fibres of the pyramidal 
and cerebral peduncular tracts, and the floor plate disappears. In 
the higher groups the primitive ventricle of the mid-brain has been 
reduced to thelaqueduct, but in the fishes it remains large and ex- 
tends, as the mesocoele, into the optic lobes (fig. 184) . At the anterior 
end of the dorsal part of the mid-brain, there is a band of nerve fibres 
which crosses from one side to the other (fig. 167, pc). Such cross 
connexions are called commissures and they serve to connect the two 
sides of the central nervous system. In the spinal cord the cross 
fibres are numerous (fig. 179, which shows them beneath the central 
canal). In the brain there are several yet to be mentioned. From 
its position this one at the junction of mid- and ’twixt-brains is called 
the posterior commissure (figs. 165, 167, ^e). 

— The ’twixt-brain is limited behind by the poste- 
rior commissure, in front by the velum transversum above, and the 
lamina terminaiis below (fig. 167) ; its cavity is the third ventricle, 
to the region of the optic chiasma. 

The side walls are thick, while roof and floor plates, though much 
modified, still retain to a very large extent their primitive non-nerv- 
ous character. The fibre tracts connecting the cerebrum with the 
parts farther back pass in the side walls; the dorsal ones go through 
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the thalamus where there is a large nerve centrej while the ventral 
tracts are the cerebral peduncles already mentioned. As already^ 
explained, the thalamus is developed from the dorsal zone, and above, 
and' in front of it is the epithalamus, which contains a nerve centre, 
the habenula (fig. 175, A). .In the h3^othalamus of the ventral zone 
'are two pairs of centres, the tuber cinereum in front and the mam”" 
miliary bodies behind. Epithalamus and hypothalamus are con- 
nected with the sense of smell and are relatively larger in the lower 
than in the higher vertebrates. ■ Just behind the velum transversum 
is the superior (habenular) commissure (fig. 16^, sc). 

Under the head of epiphysial structures are included several 
parts developed in the roof plate of the primitive fore-brain. At the 
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Fig. 167.— Sagittal section of brain of Ichthyophis, after Burckhart. a, aqueduct; 
aCj anterior commissure; chorioid plexuses of lateral, third and fourth ventricles; 
cbi cerebellum; ec, pailial commissure;/, interventricular foramen; epiphysis; hg, hn, 
glandular and nervous parts of hypophysis; i, infundibulum; It, lamina terminalis; m, 
mid-brain; p, paraphysis; oc, optic chiasma; pc, posterior commissure; superior 
commissure; IJ/, IF, third and fourth ventricles. 

junction of cerebral hemispheres and 'twixt-brain (fig. 165) there is an 
internal epithelial fold, the velum transversum, depending from the 
cerebral roof. In front of this. an outgrowth the paraphysis, arises 
on the top of the brain in nearly all vertebrates (figs. 165, 167). 
It is non-nervous and apparently.,is,..an^:extraventricular chorioid 
plexus with secretory functions. The other epiphysial structures be- 
long to the Twixt-brain and include a parietal organ and a pinealis. 
Both arise from the roof between the habenular ganglion and the 
posterior commissure, at . the boundary between Twixt- ' and mid- 
brains, sometimes as two distinct structures( fiigs. 168, 169), sometimes 
as the result of division of a single outgrowTh of the roof. The 
anterior .of: these is ^ the', parietal., organ ■or; eye ; .the; ■ other the ;pinealis; 
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or ' epiphysis proper. The two vary in development in different 
vertebrates^, the parietal e5^e being well-marked only in cyclostornes, 



Fig. i 6S.-— Section through brain of an Acanthias embryo, 15 mm. long, showing the 
early appearance of two epiphysial structures, the parietal organ {p) which is already 
degenerating, and the pinealis (e); h, hypophysis, growing in from the oral epithelium; 
infundibulum; notochord; velum transversum. 

Amia^ teleosts and most lizards, while the pinealis is almost invariably 
present. 



Fig. 169.— Epiphysial structures of Scelopoms. blood vessels; ch, cerebral 
hemisphere; ^ epiphysis; //, habenular (superior) commissure; lateral ventricle; '/?.% 
membranocraniiim; p, parietal eye; pa, paraphysis; vt, velum transversum; HI, third 
ventricle. 

In its fullest development in lizards (fig. 169) and Sphemdon the 
parietal organ extends as a slender .stalk, hollow at first, through the 
parietal foramen of the skull, expanding beneath the skin to a vesicle, 
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above which the integument is usually thin and transparent, forming a 
physiological cornea. The distal wall of the vesicle is thickened in 
the middle, forming a lens, while the cells of the proximal side elon- 
gate, each becoming differentiated into a distal, rod-like end and a 
proximal portion which contains the nucleus and is connected with a 
nerve fibre. ' Pigment is deposited between these cells so that the 
whole forms a retina. An important point, to be better appreciated 
after the consideration of the paired eyes, is the fact that these pari- 
etal eyes are like those of most invertebrates in having no inversion of 



Fig. 170.- — Parietal eye of Anguis fragilis, after Nowikoff. ct, connective-tissue cells 
around nerve; ganglion cells; lens; nerve fibres; pn^ parietal nerve; pc, pigment 
cells; f, retinal cells; vitreous body. 

the retina. How far these eyes are actually functional is not settled. 
Even in Sphenodon, where they are best developed, experiments have 
resulted in no decided reactions. 

In other vertebrates the parietal organ does not pass outside the 
skull, and even may not appear transitorily in development. The 
pinealis to some extent may take its place and often shows, as in 
certain elasmobranchs and lizards (fig. 169, E), traces of a visual 
structure. In A cantinas the epiphysis lies in a foramen in the roof of 
the chondrocranium and the nerve fibers from it form a chiasma 
before entering the posterior commissure. In the anura its tip 
approaches the skin and later is cut off from the brain by the develop- 
ment of the skull, forming the so-called frontal organ or ^brow spot/ 
visible from the exterior. Pineal and parietal organs differ in 
their nerve supply, the parietal being connected with the superior 



164 COMPARATIVE MORPHOLOGY OE VERTEBRATES 

commissure of tlie ''twixt-bram, the pinealis and its derivatives 
with the posterior commissure. In the higher vertebrates the 
epiphysial structures are completely covered by the backward 
growth of the cerebrum. The large parietal foramina in many ex- 
tinct reptiles and stegocephals (figs. 94, loi, 102, 105) would seem to 
Indicate that they had well- developed parietal or pineal organs. The 
roof of the brain in this region, behind the lamina terminalis, also 
gives rise to a chorioid plexus like that of the fourth ventricle, a part 
of which invades the third ventricle and another portion, the inferior 
plexus, sends branches through the foramina interventriculares into 
the ventricles of the hemisphere, thus providing for a blood supply on 
the interior of these structures (fig. 167). 

The floor of the diencephalon remains thinner behind the optic 
recess, a portion of it becoming funnel-shaped and pushing out from 
the ventral surface toward the roof of the mouth. This is the in- 
fundibulum, which meets an ectodermal diverticulum, the hypophy- 
sis, which arises, in the cyclostomes from 
the ectoderm between the nostril and the 
mouth (fig. 226, h)] in other vertebrates 
from the roof of the oral cavity (figs. 166, 
168). It retains its connexion with the 
parent epithelium for a time, the point of 
ingrowth being known as Rathke’s pocket 
Later the stalk disappears, and the infun- 
Fig. 1 7 1. —Section through dibulum and hypophysis, closely associated, 

SrbeMnd^he faSter- beneath the brain in the sella tur- 

minalis, after G. Elliot Smith, cica on the floor of the skull (p. 69). In 
I, ^he hypophysis (pituitary body) two parts 

lateral .veEtride; », neopallia! distinguished (fig. 167, hg, hi) rich in 

paraterminal body; corpus blood- and l3niiph-vessels and fomiing a 
striatum. gland of internal secretion whose action is 

Connected with the fat-storing powers of the animal. The infundib- 
ulum may be a simple pit, as in most vertebrates, or its lateral walls 
may become enlarged and folded, blood-vessel lying in the folds, 
and the whole forming the so-called saccus vasculosus. The paired 
eyes are also connected with the ’twixt-brain, their nerves crossing 
the ventral surface (optic chiasma) just in front of the infundibulum, 
on their way to their termination in tihe optic lobes. Associated 
with the optic chiasma may be a postoptic commissure, connecting 
the ventral parts of this region of the brain. 
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The cerebral hemispheres or, telencephalon consists of two hemi*- 
spheres separated in front by thelongitudinal or intercerebral fissure,' 
which is, slight in fishes, but well marked in the other groups. It is 
the extreme anterior part of the brain and is bounded posteriorly by 
the velum transversum and the optic chiasma. Hence (see fig, 171) 
it really contains a part of the third ventricle as well as the lateral 
ventricles in the, hemispheres. Each hemisphere consists of a gan- 
glionic mass, the corpus striatum, in or near the floor, and a part, the 
pallium, covering the ventricle. This latter part undergoes the 
greatest modification in the different groups. In front the cerebrum 
proper passes into or connects with the olfactory bulb, into which a 
part of the ventricle may extend. 

In most vertebrates (fig. 172) the pallium is relatively thin, 
compared with the corpora striata, and in the teleosts it is reduced to 
a very thin, non-nervous wall to the ventricle.^ In the mammals it 
is greatly increased, forming in the higher groups by far the greater 
part of the whole brain, a condition which is correlated with the 



Fig. 172.— Sections through the hemispheres of (A) sturgeon; teleost; C, alli- 
gator; and D, pigeon (Herrick), c, common ventricle; cx, cortex; Iv, lateral ventricle; 
s, corpus striatum. 


greater mental development. The increase is also accompanied by 
structural alterations in the pallium. In the ichthyopsida the gray 
matter (nerve cells) is confined to the ventricular surface, the outer 
surface being white matter (fibres) . In the reptiles there is the begin- 
ning of a second layer of cells at some distance from the ventricular 
surface. This is regressive in the birds, but in the mammals it forms 
a marked layer (cerebral cortex) over almost the whole of the surface 
of the pallium. 

This increase in cerebral cortex is accomodated in part by' lon- 
gitudinal growth' of the cerebrum, but-there is a limit to such growth,, 
so in most mammals the posterior ends of the hemispheres bend down-' 
ward and then grow forward, so that the {morphologically) posterior 
end of each hemisphere is brought in close spatial relations with the.: ol-' 

above is the usual interpretatiori of this layer in teleosts; it appears more 
probable that this roof is homologous with the ehorioid plexus of other vertebrates. 
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factory region (fig. 173)) covering up a portion of the side wall of the 
hemisphere (the insula), the bending being indicated by a deep 
lateral cerebral fissure (fissure of Sylvius) (fig. 17 3, s), found in most 
mammalian brains, at the bottom of which is the insula (of Riel). In 
the lower mammals the general surface of the cerebrum is smooth, but 



Fig. 173. — ^I-ateral view of left cerebral hemisphere of dog, showing lobes, gyri and 
sulci. /, frontal lobe; £?, occipital lobe; ol, olfactory lobe; p, parietal lobe; Sj Assure of 
Sylvius; temporal lobe. 


in the higher it is thrown into a number of folds (fig. 173) or convo- 
lutions (gyri) separated by grooves (sulci), the number of these being 
greatest in man. By this a greater amount of cortical gray matter is 
provided for, the cortex covering, not only the tops of the .gyri, but 
dipping beneath every sulcus. 



Fig. 174. — Diagram of the development of the corpus callosum and septum pellu- 
cidum in man, after G. Elliot Smith. In A the hemisphere is outlined, ac, anterior 
commissure; cc, corpus callosum;- epithelial roof of third ventricle; kc^ hippocampal 
commissure; lamina terminalis; o, ^olfactory lobe; oc, optic chiasma; paraterniinal 
body; septum pellucidum; vestigial pre- and* supracallosal hix>pocampus. 

By the bending tliere are differentiated several regions or lobes in 
the cerebrum (fig. 173). In front is the frontal lobe, the occipital 
lobe is at the posterior end of the hemisphere, the parietal is between 
frontal and occipital, and the temporal lobe is on the lower outer 
side, behind and below the lateral fissure. This bending also in- 
volves the lateral ventricles, portions (horns) entering each lobe. 
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The two cerebral hemispheres are connected by commisstires. In 
all vertebrates there is one of these' transverse bands (anterior com- 
missnre) in the lamina terminalis (fig. 165, ac), but aslow as the am» 
phibia a second tract, the paliial commissure, appears dorsal to this,, 
which increases in ' size in the sauropsida and monotremes (fig, 192,, 
■EC ) . This serves, in the lower groups chiefly as a connexion between' 
the hippocampal areas of the two sides. In the higher mammals it 
becomes differentiated into two commissures (fig. 174), a more dorsal 
and anterior, corpus callosum, and a more posterior and "ventral hip- 
pocampal commissure, the callosum being the connexion between the 



Fig. 175.— -Medial side of right hemisphere of turtle {Chrysemys) embryo of 17 
mm., modified from Johnston. The hippocampal area {h) is darker than rest, hj 
olfactory bulb; ca, anterior commissure; ch, hippocampal (paliial) commissure; 
hippocampus; oc, optic chiasma; general pallium; rp, preoptic recess; t, thalamus, 
io^ olfactory tubercle. 

cortical layers of the two sides of the cerebrum. As the cortex is 
the seat of mentality, it follows that the callosum reaches its greatest 
development in man. 

The development of the corpus callosum brings about a stretch- 
ing of the gray matter (paratermiiial body) immediately adjacent to 
the terminal lamina, eventually expanding it, in the higher mammals,, 
dorsally on either side into a thin translucent membrane, the septum 
pellucidum (figs. 174,176), the space between the two septa (formerly 
called the fifth ventricle, though it has no relation to the other ven- 
tricles) is the cavity of the septum. 

There are two sheets of cortex which run back from the olfactory bulb to meet 
at the posterior pole of the hemisphere. Medially the hippocampal corter 
(fig- 175, h) extends dorsally to the foramen of Monro. Laterally the pyriform 
cortex (accompanied by the lateral olfactory tract) lies superficial and dorsal 
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to the corpus striatum. These two sheets comprise the arcMpaliiuin or olfactory 
cortex. Between them, in mammals, and probably in reptiieSj is the neopailium 
which clothes the dorsal convexity of the hemispheres and receives impressions 
from non-olfactory centres. The neopallium enlarges progressively in higher 
mammals, in man forming by far the greater part of the cerebral cortex. Its 
great development has forced the olfactory parts to the media! and lower sur- 
faces where they are not exposed at the first glance and parts of them can only 
be found by dissection. Besides, it has made a part of the original hippocampus 
vestigial (fig. 174)* 

With the appearance of the cerebral cortex (reptiles) there arise a number of 
projection fibres which connect it with other than cortical areas. These include 
ascending fibres coming from parts of the diencephalon, optic lobes, etc.; and 
descending fibres going from the cortex and being distributed to the corpus 



Fig. 176. — Median section of brain of calf, based on a figure by ButscML a, 
aqueduct;^ ac^ anterior commissure; rr, corpus callosum; /, fornk; habeaulaj hy^ 
hypophysis; i, infundibulum; fw, intermediate mass (‘soft commissure’); mammillary 
body; olfactory bulb; optic chiasma; <?Z, optic lobes; pinealis; pc^ posterior 
commissure; r, recessus suprapinealis; Sj septum pellucidum; ///, IF, third and fourth 
ventricles. 

striatum, to parts of the ’twixt and mid brains and the cerebellum and various 
motor nuclei. ■ In mammals there are the cerebro-spinal tracts wdiicli start from 
■the cortex and pass back through, the brain stem into the anterior end of the 
spinal cord. There, one 'set. of fibres, the lateral cerebro-spinals (forrneriy the 
.crossed pyramidal tracts) decussate, those of one side passing over to the other 
side of the cord- The other fibres . (anterior or ventral cerebrospinals) 'do not 
deciissate.,at;once' on entering the, spina!' cord,, but do so gradually, as they pass 
downward.:;' ..These are. the direct pyramidal tracts of the older terrmiicdogy. 

Heiiromeres In its development the brain shows evident traces 
of having once been a segmented structure, consisting of a series of 
segments or neuromeres metamerically arranged* Concerning the 
number of these and their relations there has been an enormous dis- 
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cussion and a great lack of unanimity .of opinion. Apparently there 
is .the best support for the following statement, in so far as the' 
lower fishes are concerned. There are at least eight neurom ere s 



Fig. 177. — Diagram of the segments (neuromeres, myotomes, etc.) of the head, 
after Neal.‘ A, anterior myotome; a, abducens nerve; h, branchial clefts; /, facial 
nerve; glossopharyngeal nerve; h, hypoglossal nerve; I, lens, surrounded by layers 
of eye; nasal pit, near it the terminalis nerve; o, oculomotor nerve; ophthalmicus 
profundus part of fifth nerve; ophthalmicus superfidalis part of fifth nerve; ot^ 
otocyst; 5, spiracular cleft; /, trigeminal nerve; ta, truncus arteriosus; tfj trochlearis 
nerve; /"FIJI, neuromeres; ir6, myotomes: 

in the brain (figs. 150, 177, 178), five in front of the ear, one corre- 
sponding to the ear in position, and at least two behind that organ. 
The first of these gives rise to the fore-brain and the parts arising 



TTg, 178. — Model of brain of a 14-somite rat embryo (Adelmann). a, dorsal 
aorta; sa, aortic arches; al, alimentary canal; 5 , branchial arch; branchial pouch ; 
/, foreb'rain,; h, hepatic diverticulum; ???, .first postotic myotome; mbi mid brain; otic 
placode; ov, optic vesicle; V, VII-VIIl, IX-X^ ganglia of the corresponding nerves. ■. 

from it, as described on page, :is5. The second' develops 'into .the' 
mid-brain; the third is in the .region of the cereb.eiluiii,, while, the 
fourth, and fifth ■, are ,, at the, anterior, 'end of the ,, medulla; oblongata 
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where' the trigeminal and facial nerves arise. The sixths besides 
being related in position to the ear, gives off the glossopharyngeal 
nerve, and the rest are connected with vagus nerve. Some claim two 
fore-brain neuromeres and a larger number for the postotic region. 

In the rat there are apparently three segments in the fore and 
mid brain region, the latter having two variable neuromeres. In 
the rhombencephalon there are seven (fig. 178). Of these i develops 
the cerebellum; 2 the fifth nerve; 3. has no nerve relations; 4 forms 
the f acial-acustic nerve ; 5 is associated with the plate which is to 
develop the otic vesicle, and 6 and 7 are related to the ninth-tenth 
group of nerves. 

Envelopes (Meninges) of the Central Nervous System, 

Both brain and spinal cord are surrounded by envelopes (menin- 
ges) of connective tissue which support and protect them, and 



Fig. 1 79.— -Section of spinal cord of dogfish iAcanthias), The section is a little 
oblique, passing through a dorsal root of a spinal nerve (d) on one side and a ventral 
root (v) on the other, c, cartilage of the vertebral column; m, meninx primitiva; 
p, perichondrium (endorhachis) of the spinal canal. In the cord are shown the dis- 
tribution of white and gray matter, the central canal and some of the dix’isions of the 
white matter into fibre tracts. 

also, by carrying blood-vessels, provide for their nourishment. 
These meninges become more complicated with ascent in the verte- 
brate series. The canal of the vertebral column and the cavity of the 
skull are lined with a layer of connective tissue, the endorhachis, 
which is really theperiosteum or perichondrium of the skeletal parts 
and hence not a true meninx. In the fishes (fig. 179) there is a single 
envelope, the meninx primitiva, which bears the blood-vessels and 
lies close upon the spinal cord. Between it and the endorhachis is a 
eprimeningeal space, somewhat broken by strands of tissue passing 
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from meninx to endorhacMs, and filled, like all meningeal spaces, with 
a cerebrospinal fluid containing albumen. 

From the urodeles upward there is an increasing divisou'of the 
meninx primitiva into two layers, a pia mater bearing the blood- 
vessels and. lying close to the cord, and a dura spinaliSj separated from 
the pia by a subdural spacCj the perimeningeal space now being known' . 
: as the peridural. , In the, mammals the pia becomes, invaded by cavi- 
ties separating a delicate arachnoid membrane from its outer surface, 
so that there is another space, the subarachnoid, in these forms. 

There may be slight differences in the region of the brain in the 
higher groups where the dura presses against and finally unites with 
the endorhachis, forming the dura mater of human anatomy, thus 
obliterating the subdural space. In the mammals and to a less ex- 
tent in birds the dura mater forms two strong folds. One of these is 
longitudinal and presses into the longitudinal fissure between the two 
'^ferebral hemispheres as a firm membrane, the falx cerebri. The 
other fold, the tentorium, is transverse, and is inserted between cere- 
bral hemispheres and cerebellum. It is occasionally ossified and 
united to the skull. 

The Brain in the Separate Classes 

CYCLOSTOMES. — The brain differs greatly in the two subdivisions of 
cyclostomes. In both the flexures (fig. 180) are never as marked as in the 
gnathostomes and are entirely lost in the adult, where the brain has a primitive, 
almost embryonic appearance. 

In the lampreys (fig. 180) the brain is long and slender, and its roof is epi- 
thelial, even in the mid-brain region, there being large everted chorioid plexuses 
in the roof of mid-brain and medulla (removed in the figures). The small 
telencephalon is indistinctly divided into so-called olfactory lobes and cerebral 
hemispheres, but in reality olfactory bulbs in front and olfactory lobes behind, 
the whole being subsidiary to the sense of smell. There are two epiphysial out- 
growths from the roof of the Twixt-brain (removed in the figure) . The posterior 
(upper) of these is clearly the pinealis, but the homologies of the other are un- 
certain and it has been called the parapinealis. The weakly developed infun- 
dibulum has associated with it a median sac, probably representing the vascular 
sacs of the ichthyopsida. This is closely connected with the hypophysis, which 
develops, not from the oral (ectodermal) epithelium as in other vertebrates, but 
by ail inpushing (fig. 226) between nasal and oral invaginations (see also p. 164). 
Mid- and hind-brains are relatively broad, and the cerebellurn is reduced to a 
narrow cross band, much like that of amphibia. The ventricular cavities are 
■Targe and . w'eil developed.. ^ 

The myxinoid brain (fig. 18 1) is shorter and broader and is marked by a 
groove running the whole length of the dorsal surface. The medulla oblongata 
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is distinct and of the usual type,- but in. front of this are four pairs of lobes 
which are interpreted by Retzius as, first, a pair of olfactory bulbs, connected 
with the enormously developed nasal capsule (p. 85); second, the cerebral 
hemispheres; third, the mid-brain (the 'twixt-brain being covered) ; and fourth, 
the cerebellum, which covers the fossa rhomboidalis. Lying in the median 
groove is a. prominence which is regarded as the habenula. In both genera 



Fig, 180. Fig. 181. 


Fig. I So.—Dorsal and lateral views of the brain of PePramyzon plamri after Alilborn, 
The teiae chorioideae removed, and the epiphysial structures not shown in the side view, 
r, olfactory lobes; e, epiphysial structures; saccular part of infiiiidibuliim: la, iicustic 
lobe; Ih, left habenular ganglion; li, lobular part of infundibnlum; Iv, lobe of vagus; 
mid-brain; of, olfactory bulb; posterior commissure; r//-, right habenular ganglion; 
first spinal nerve;J/^, thalamus; i'“i 2, cranial nerves. 

Fig. I Si, —B rain oi BdeUosioma (Princeton, 2204). <3, skeleton of olfactory organ, 
the brain, behind this; V-X, -nerves. 

(Myxine and Bdellosioma) the ventricular cavities are greatly reduced, the aque-, 
duct ending blindly in the mid-brain, in front of which is only the third ventricle, 
completely cut 'off from the' rest. ' 

ELASMOBRANCHS (figs. 182, : 205) usually have the brain somewlmt com- 
pact, but in a few if is long and slender. The more "striking features are the 
slight development of the intercerebral fissure, the large hemispheres being 
lateral expansions just in front of the diencephaion (fig. 162). The optic lobes 
are large and the large cerebeDum overlaps both lobes and the fossa rhoniboidea. 
The olfactory bulbs arise from the antero-lateral angle of each hemisphere; their 
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lengtli varies between wide limits. 'Tiie epithelial roof of the ^twixt-brain is 
wide and bears a pinealis which often penetrates the roof of the skull, but the 


parietal organ is lacking. The hypophy- 
sis and' infundibulum are provided with 
large ■ inferior lobes and a well-developed ' 
sacciis vasculosus. The cerebellum has 'a 
longitudinai groove and usually one or 
more transverse grooves, dividing the upper 
surface into paired lobes. The medulla 
differs in the sharks and the skates, being 
very short in the latter, much longer in the 
former. Both have a large fold at the 
antero-lateral angle of the fossa rhom- 
boidea, usually interpreted as a corpus 
restiforme; it is really a part (atmcle of 
the medulla oblongata) of the acustico- 
lateraiis area. 

In most elasmobranchs the ventricular 
system is well developed, but in some the 
paired and third ventricles are not well 
separated, while in the Myliobatidae there 
is no cavity in the telencephalon. There 
is a large mesocoele extending upward from 
the aqueduct into the optic lobes and a sim- 
ilar cavity usually enters the cerebellum. 

TELEOSTOMES.— There is a wide 
range of form in the brain of ganoids and 
teleosts. It is usually small in proportion 
to the size of the animal and is noticeable 
for the small size of the telencephalon and 
the usuall}?' non-nervous character of the 
pallium, which in the teleosts is purely epi- 
thelial (see, however, p. 165). Conse- 
quently the cerebrum consists largely of 
the corpora striata (fig. 183) and the inter- 
cerebral fissure is slightly developed. The 
paired ventricles are small, but they extend 
into the olfactory lobes. The Twixt-brain, . 
.at a lower level than the rest,- has .a large 
infundibulum, ^ saccus vasculosus and infe-' 
rior lobes.. On its roof is a large pinealis 
which reaches, .the skull .in a few ganoids 
and teleosts. The parietal organ- appears 



Fig. 182, — Brain of Hepianchus 
after Gegenbaur. to, buibus olfac- 
torius; c, telencephalon; ch, cerebel- 
lum; ew, eminentia teretes; i, infun- 
dibulum; m, mesencephalon; oOy 
olfactory organ; ot^ olfactory tract; 
wy, myelencephalon; I, ^twixt-brain; 
II-X cranial nerves. 


in the.' embryo and (soon degenerates; the. 

paraphysis .is .usually well developed.,. The. -optic .lobes are , .large ..and" are 
usually, divided.', into two hemispheres.by, a'. median groove, b.ut'.this.occasio.nally 
.Is scarcely noticeable. , The cerebellum .is large, much larger than- appears from. 
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Fig. I S3. — Dorsal and side views of brain of buffalo fish {Carpiodes tumidus), after 
Herrick, c, cerebral hemispheres; cl, cerebellum; cs^ corpus striatum; h, hypophysis; 

infundibulum; 0, olfactory lobes; ol^ optic lobes; p, pallium; Vj ventricle; 1:?/, vagus 
lobes; H-X, nerves. 




'[:W\ X - % ck oc ■ ^ ea' 'cs;'"'' 

Fig. 184. — Sagittal section of brain of trout, after Rabi-Ruckhard. aq, aqueduct: 
60, buibus olfactorius; ca, ch, 0, cp^ anterior, horkontal, inferior and posterior com- 
missures; cc, central canal; d, cerebellum; cs, corpus striatum; /q hypophysis; i, 
infundibulum; IF, trochlearis nerve; cc,. optic cMasma; pallium; pirieaiis;^, sac- 


infundibulum; i F, trochlearis nerve; cc,. optic cmasma; pallium; pirieahs; sv, sac* 
cus vasculosus; I/, torus longltudlnaiis; Id, tectum of optic lobes; 9, velum transversum^ 
ventricles; valvuia cerebelH, , 
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the surface^ since a considerable part, the vaivula, projects into the ventricle of 
the mid-brain. In the medullary region there is sometimes an enormous 
development of the lobes of the vagus (hg. 183). 

The brain of Folypterus differs from that of other ganoids in several respects. 
There is no differentiation of cerebral hemispheres; the optic lobes and the cere- 
bellum are moderate, the latter being thin in the median line and the vaivula 
smaller. The medulla oblongata has thin walls and the ventricle is large. The 
brain has a primitive appearance, but it shows little resemblance to those of the 
amphibia or of the dipnoi. 

DIPNOI. — The htalns of Lepidosiren .and Frotopterus differ considerably 
from that of Ceraiodus. In all the telencephalon is larger than the optic lobes 
and the olfactory bulb is sessile on the anterior end of the cerebral hemisphere. 
In Ceratodus the hemispheres are united above by a part of the chorioid plexus, 
while internally they are separated from the diencephalon by a well-marked ve- 
lum. The pinealis is long and rests upon a large paraphysis^ developed as 
an outgrowth of the roof of the third ventricle in front of the superior commis- 
sure. The optic lobes are separated into two hemispheres, while the cerebellum 
is scarcely more than a transverse plate and is, together with the fossa rhom- 
boidea, covered with a complicated chorioid plexus. In Frotoptems (fig. 185) 



Fig. 185. — Brain of Frotopterus, after Burckhardt. ch, cerebellum; e, epiphysia 
structures; //, hypophysis; i, infundibulum; m, mid-brain; se, saccus endolymphaticus 
sp, spinal nerves; t, cerebral hemisphere; 1-12, cranial nerves. 

the elongate hemispheres are parallel, the pinealis and paraphysis are smaller 
and the mid-brain has but a single rounded lobe. 

AMPHIBIA. — The brain of the amphibia, which shows considerable resem- 
blance to that of the dipnoi, has the parts more distinct than is usual in the 
vertebrates, and, except in the gymnophiones, the flexures have disappeared in 
the adult. The hemispheres are separated by a deep longitudinal fissure, but 
in the anura the two halves of the telencephalon are secondarily connected by a 
transverse band, just behind the olfactory lobes, leaving a gap farther back. 

^ The telencephalon is relatively larger than in fishes, the increase being due in 
p'art to the invasion of the pallium by nervous matter, the medial v^aU being 
the thicker, while the corpus striatum is in the outer wall. The pallium has the 
nerve cells in the inner side, the outer being composed of fibres, and there is no 
trace of a cortex (fig. 162). The diencephalon, broad in the anura, narrower 
in the urodeies (fig. 186) and caecilians, is visible from above. Infundibulum 
. and hypophysis.arewdl developed, but the saccus vasculosus ..and inf efior loBes 
are smaller than in fishes. In”the gymnophiones, owing to the pontal flexure 
(fig. 167) the hypophy’’sis is brought beneath the medulla oblongata. Both 
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paraphysis' and pineaiis, are present, the latter not reaching the cranial roof except 
in the anura, the conditions in this group having already been mentioned (p- 263) . 
The optic lobes are large and in the anura and to a less degree in the gymno- 
phiones, they are paired, but the mid-brain is without external division in the 



Fig. 186. — Median section of brain of Amhlysfoma (Herrick), anterior comnns- 
sure; cb, cerebellum; ch, optic chiasma;/, foramen of Monro; /z, habenula; hc^ liabeniiiar 
commissure; hv, dorsal and ventral parts of hypothalamus; hg^ glandular part of 
hypophysis; Ai?, hippocampal commissure; pedj peduncle of cerebrum; pn^ preoptic 
nucleus; pr, preoptic recess; sVj saccus vascuiosus. 


urodeles. The cerebellum is very small, a mere transverse fold on the anterior 
border of the fossa rhomboidalis, which is scarcely covered in front. 

REPTILES. — ‘In the reptiles the brain shows a considerable range of struc- 
ture, ail showing an advance over the amphibia, especially in the greater relative 
size of the cerebrum, which exceeds the mid-brain, and in the development of 



Fig. 1S7. — Dorsal and ventral views of brain of Desmognathns (Tush), a, anterior 
commissure and rudimentary corpus callosum; c, cerebral hemisphere; cp^ chorioid 
plexuses; epiphysis; h, hypophysis; i, infundibulum; ol^ optic 'lobes; I- A, nerves. . 


a cortex in the palliumd' Something is retained of the pontal and nuchal flexures 
(fig, 189, side view).' The cerebral hemispheres are oval or ..triangular aiid often 
show the^ beginnings of a temporal lobe (see fig, 1S9 near III and IV nerves). 

lobes are merged in. the hemispheres and the nerve extends for- 
ward from thein (see p. 191)., ^The corpora striata are large, reducing the lateral 
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ventricles to slit-like spaces. " The great development of the cerebrum and the 

optic lobes partially covers the roof of the diencephalon, which may develop 
both the parietal organ and the pinealis, the latter in some forms Scelo- 
poruSf fig. 169) showing an eye-like structure. The parietal eye is well' devel- 
oped in all lacertilia, its position being readily recognized on the top of the head. 
Tn other groups it is rudimentary. ./The great development of the thalami reduces 
the third ventricle to a vertical slit, and in some groups the walls of the two 
sides may unite across the median line near the middle, of the ..ventriclej form- 



Fig. 188. Fig. 189. 

Fig. 188. — Brain of Iguana Uihermlata (Princeton, 2293). Compare fig. 206. 

Fig, 189.— Side and dorsal views of brain of young alligator, after Herrick, c, 
cerebrum; cerebellum; e, epiphysial structures; hypophysis; i, infundibulum; 
optic lobes; //-A//, cranial nerves. 


ing an 'intermediate mass’ (soft commissure) reappears in the mammals 

(fig, 176). The mid-brain bears paired optic lobes. The cerebellum -has a 
considerable range of form. In the alligators it develops on either side a lobe 
(shown to the left of the letters cl in the side view of the alligator brain, fig. 189) 
which is the liocculuSs the same as the auricle of the medulla of lower forms 
(p, 159), and which becomes more prominent in birds. 

AVES. — The brain of_the bird is short,^^broad and more highly speciaiked, 
and it retains aU /three fleiures’'& ' some extent Throng (p. iS8),c /.The 
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cerebral hemisplieres are triangular and iiigb, and are usually inarked on, the 
dorsal surface a groove, the vallecula (fig. 190)* Their size is largely due to 
the development of the corpora striata, in which there is an evident differentia- 
tion of parts. The hemispheres reach back nearly to the cerebellum, thus ^ 
forcing the optic lobes to a lateral position so that in some the}'"' are invisible 
from above. This extension of hemispheres and cerebellum results in covering 
the Twixt-brain so that it cannot be seen in a dorsal view, though the rudi- 
mentary piiieaiis which it bears is seen in the angle between the cerebral and 
cerebellar hemispheres, (fig* 190). ' The cerebellum is large and its medial portion 
,is transversely furrowed, this part constituting the vermiSj wdiile.the lower lateral 
parts form the flocculi. The medulla oblongata is ver}'” short and the fossa 
rhomboidea is entirely covered by the hinder end of the cerebellum. 



MAMMAI/S. — The mammalian brain is characterized by the increase in the 
size of the telencephalon and cerebellum and the relative diminutK>n of di- and 
mesencephalon, the cerebraF increase being almost wholly in the pallium (neo- 
^pallitun) in correlation with the advance in mentality* In the lower mammals 
the olfactory lobes are at the tip of the cerebrum, but in the higlier, the pallia! 
increase causes a forward growth of the frontal lobes (p. 166) so that the olfac- 
tory lobes are brought to the lower surface, they and their posterior extensions 
being separated from the rest of the cerebrum, by a rliiiial fissure (fig. 173, r) on 
either side. Behind, the cerebral hemispheres always cover the Twixt-braiii, but 
in the non-placentals and in some lower orders more or less of the inicl-brafn is 
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uncovered (fig. 191).. Still higher in the scale, hemispheres' and cerebellum ' all 
but meet, and in the primates the former has grown so far back that it partially 
or completely covers the cerebellum. 

In the lower groups (some rodents, edentates, etc.) there is no development 
of a temporal lobe, and but little if any folding of the hemispheres. Higher 
in the scale, and even in the monotremes and marsupials, the pallia! increase 
causes a folding so that the morphologically postero-ventral end of the telen- 
cephalon, lateral to the piriform lobe, is brought below and to the outside of the 
lateral parts of the hemispheres, the line of folding being marked by a deep 
fissure of Sylvius, at the bottom of which the covered parts of the side of the 
hemisphere form the so-called island of EieL This folding brings the piriform 
lobe to the medial side of the temporal lobe, where it may, in part, be visible in 
a side view (fig. 192) or, as in man, it ma^^ be so covered as not to be seen without 
a partial dissection. The four lobes of the telencephalon — frontal, parietal, 
occipital and temporal — are regions rather than sharply limited parts. 



Cj cerebrum; /, flocculus; h, cerebellar hemisphere; m, mid-brain (corpora quadrigemini). 
mo, medulla oblongata; v, vermis. 

The olfactory lobes are enlarged at the end into an olfactory bulb and in 
mammals -with well-developed powers of smell a part of the lateral ventricle 
extends into each bulb; but in the aquatic mammals (whales, sirenians and 
seals) and in the primates the whole olfactory lobe is reduced. 

Of the two cortical sheets which extend backward from the olfactory bulb, 
thi lateral or piriform cortex, is widely expanded behind and clothes the large 
preiform lobe. The medial sheet, or hippocampal cortex is also slender in 
front (fig. 192, fd) but much enlarged and complicated behind, and here is 
rolled inward and mostly concealed as the comu Aimnonis. The anterior part, 
in higher mammals, with the development of the corpus callosum, is reduced to 
an insignificant vestige (fig, 174). The cerebral commissures need no farther 
mention (see p. 166), but the great development of the neopallium has intro- 
duced a new set of fibres, the corona radiata, which connect the cortex with the 
more posterior parts of the brain. 

The rich development of fibres connected with the cerebral cortex causes 
an increase in the thickness of the thalamic region of the diencephalon, as the 
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. Fig* i92,.~VentraI view and' median, sectioa of the brain of Ormilmrhynchhs^ after 
G. Elliot Smith. AC, anterior commissure; bo, olfactory bulb; c, first cer\'ical nerve; 
cl, cerebellum; CM, massa intermedia; e, epiphysis;/, flocculus; /d, fasciculus dentatus 
(anterior part of hippocampal tract); fi, interventricular foramen; ^hypophysis; 
he, habenular commissure^ HC, pallial (hippocampal) commissure; ip, piriform (hippo- 
campal) lobe; me, mammillary bodies; wo, medulla oblongata; noduius; olfactory 
lobe; ot, olfactory tubercle; pallium (temporal lobe); pc, posterior commissure; rf, 
rhinal dssure; ic, tuber cinereum; tV, tuberculum quint! ; v, velum meduliare 
vm, motor root of V nerve; vmd, mandibularis root of V; mix- maxillary 
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connexion is made through this region with, the' parts farther back. One 
result is the narrowing of the third ventricle, which is farther reduced by the 
development of an intermediate mass, which, however, is largest in the lower 
mammals (fig. 192). Prominent among the epiphysial structures is the pinealis 
(conaritiiii) which is completely covered by the cerebrum and can have no 
visual value. Its^ stalk is' holow tor a 'disU but the distal portion contains 
■iiO"nervous matter. In some mammals there is a dorsal outgrowth of epithelium 
(of the roof plate) just in front of the pinealis (fig. 176). The paraphysis 
appears in developnient, but is lost in the adult. 

The mid-brain is peculiar dorsally in the presence of two pairs of optic 

lobes, the corpora quadrigemini, ' only the anterior pair of which ..are conne.cted; 

with the optic nerves, the posterior pair being a centre connected with audition. 
The aqueduct is small in diameter. Behind the mid-brain the roof of the 
aqueduct is thin and is called the velum medullare anterius (fig. 192, The 
cerebellum is large, and its surface is increased by an extensive folding, the 
gray matter being on the surface, so that in longitudinal section (figs. 176, 192), 
it presents a strikingly dendritic appearance, the so-called arbor yitse. The size 
is largely due to the great development of the cerebeilar hemispheres, the vermis 
and the flocculi (the latter usually subdivided into flocculus and paraficcculus) 
being less conspicuous. 



Fig. 193, — Brain of Chrysothryx sciureus^ after Weber. /, frontal lobe; inter- 
parietal fissure; u, occipital lobe; pj parietal lobe; s, Sylvian fissure; /, temporal lobe, l5,, 
sulcus temporalis. '' ' ^ ■ ' . . 

Fig. 194.-— Brain of Manis javanica, oiler Weber, ch^ cerebellar hemisphere; A, 
hippocampal lobe; 0, olfactory bulb; ps, presylvian fissure; Sylvian fissure; w, sulcus 
sagittalis; v, vermis; //, optic nerve. 


THE PERIPHERAL NERVOUS SYSTEM' , 

THE ' SPINAL NERVES 

The spinal nerves, are metameric, structures, uonne'cted ; with, the 
spinal cord by two separate portions or roots which differ greatly from 
each other in development, structure and function. At the time of 
the closure of the neural tube a band of cells occurs on either side of 
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the neural plate at, the junction of neural and epidermal areas. With 
the closure of the tube these form two bands, the neural crestSi one on 
either side of the dorsal surface of the cord (fig. 159)- By unequal 
groivtli each crest soon develops a series of metameric enlargements, 
the portions of the crest between these gradually disappearing, while 
the enlargements form the .ganglia of the dorsal roots of. the nerves. 
Each' of the cells (neuroblasts) of which each ganglion is composed,, 
like those of the cord, sends out processes, one of which grows medi- 
ally and enters the cord in the region of the posterior column, where it 
sends fibres, some going ventrally to varying distances in the cord, 
while others extend longitudinally in either the dorsal or the lateral 
funiculi of the cord; the other process extends peripherally to the 
skin or viscera, these' processes constituting the dorsal root of the 
nerve, the ganglion forming an enlargement upon it, near it is connex- 
ion with the cord. 



Fig. 195. — Diagrams of spinal cords of {A) fish, and {B) man, after Johnston, 
showing the relations of the components of the spinal nerves, dr, V7ir^ vstj dorsal, 
ventral and visceral rami of spinal nerve. 

The other or ventral root is formed by fibres w^hich grow out in a 
similar way from neuroblasts in the ventral horn of the cord and leave 
it between the anterior and lateral funiculi, to extend to the muscles, 
glands, etc. As its ganglion cells are inside the cord, there is no 
ganglion on the ventral root. Except in the lampreys, the dorsal and 
ventral roots unite soon after leaving the cord, the combined trunk 
being a typical spinal nerve (figs. 160, 199). 

Physiologically the roots differ in that the dorsal roots are mainly 
composed of sensory fibres, while the ventral roots contain only 
motor fibres. That is, on stimulation of the parts to which they are 
distributed, the dorsal roots and their fibres carry nervous impulses to 
the cord — they are afferent — while the impulses in the ventral roots 
;ipiarriei;ih::||e;:<)pp^^ 

stimulation arises in the central nervous system and the impulse is 
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carried outward to the parts to which the fibres are ' distributed^ 
causing these to act — muscles' to contract, glands to secrete, etc. 
Hence the ventral roots are called' motor roots* Their fibres are 
without sensory functions, while sensory fibres are equally unable to 
cause action in any peripheral part (BelFs law). - 

Af ter a longer or shorter .course, each spinal nerve^ formed by the 
union of dorsal and ventral roots; divides into three branches, each of 
.which receves both, sensory and motor fibres. ■ These' are known as 
the rainus dorsalis, ramus ventralis and ramus visceralis or intesti-, 
nalis. The first goes to the skin and muscles of the dorsal region; the 
second to those of the sides and ventral parts of the body; while the 
visceral branch descends to the roof of the coelom, near the insertion 
of the mesentery, where it connects with the sympathetic nervous 
S3?'stem to be described below (figs. 195, 199). 

Recent physiological and histological analysis shows the exist- 
ence of two groups of nervous elements in both sensory and motor 
nerves (fig. 195). There are somatic sensory and somatic motor 
fibres, distributed to the skin and most of the external sense organs 
and to the voluntary muscles, and there are also visceral fibres of 
both kinds, supplying the viscera (alimentary canal, excretory and 
reproductive organs) and the circulatory system. The dorsal and 
ventral rami contain mostly somatic fibres with a few of the visceral 
type, while the visceral rami are composed of visceral fibres alone. 
The farther subdivision of these nerves will be considered later. 

To the statement that the dorsal roots are purely sensory the exception must 
be made that in the lower vertebrates some of the visceral motor fibres, arising 
in the neighborhood of the lateral column, pass out from the cord through the 
dorsal root (fig. 195, A), In the mammals they are said to leave by the ventral 
roots like all other motor fibres (fig. 195, B). 

Spinal nerves are grouped in description according to the region of the 
vertebral column in which they leave the spinal cord. They are numbered 
within each region from the vertebra which succeeds them, except that the first 
nerve behind the skull is the first cervical, with the result that in the cervical 
region there is one more nerve than the number of vertebras. 

In the regions of the appendages the spinal nerves usually form 
networks or plexuses, branches of a varying number of ventral rami 
interlacing in a complicated manner before entering the appendage 
(fig. 196, 5 , C). In the lower vertebrates there are two plexuses on 
either side, a cervico-brachial for the fore limb and a lumbo-sacral for 
the, posterior appendage, these dividing in the higher groups into 
cervical, brachial, lumbar and sacral plexuses, these receiving their 
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names from the neck, fore limb; and lumbar and sacral regions 
•respectively. 

The number of nerves which enter a plexus varies between wide 
limits, the largest number (about twenty-five) being found in the 



Fig. 196. — A, diagram of collector nerve; B, of a nerve plexus, after Brans: C, brachial 
plexus of maculata, after Furbringer. 



Fig. X97. — Nerves no. 25-37 of a Mustelus embryo 24 cm. long, with collector nerve 
after Punnett, Dotted line shows limit of coelom; g, pelvic girdle. 

skates, in correlation with the great development of the pectoral fin. 
It is of interest that in the snakes and limbless lizards there is a 
plexus, an indication that these have descended from limbed an- 
cestors, though no other traces of limbs occur in development. 



SYMPATHETIC SYSTEM 


i8S 

From the plexus arise the nerves which, enter the limb, , there heing 
dorsal and ventral branches for the two sides of the limb. In the 
tetrapoda these are' grouped into a single chief trunk on either side 
in the lower groups, while in the mammals there is an additional one 
on the ventral side. 

In the fishes the lumbo-sacral plexus and its nerves is reinforced by 
a collector nerve which extends from .and 'connects some' of the 
more anterior segmental nerves with the appendage, though without 
such an exchange of fibres as are found in a plexus. Besides, in the 
fishes, 'some of the spinal nerves may enter the appendage directly 
without the intervention of a collector or a plexus. The collector 
disappears in the amphibia. 

THE SYMPATHETIC SYSTEM 

The sympathetic nervous system possesses much physiological 
and anatomical individuality. It is entirely removed from control 
of the will and its function is largely the regulatory control, either 
directly or indirectly, of the various viscera, glands, blood-vessels, 
and respiratory and reproductive organs. Much of this control is 
accomplished by its stimulation or inhibition of the smooth muscle 
cells of the walls of the blood-vessels, thus, by their enlargement or 
contraction, regulating the amount of blood supplied to any part. 
(Not all involuntary activities of the body are directly controlled by 
it.) Besides, it contains sensory structures, but the stimulation of 
these does not necessarily result in conscious states. 

This close relation of the sympathetic system with the smooth 
muscles and with the blood-vessels necessitates the extension of parts 
of the system to all parts of the body, many of the nerve trunks paral- 
leling the blood-vessels; but the main parts are near the mid-dorsal 
line of the body cavity and are more or less closely associated with 
the dorsahaorta. . ; v 

■ The system is connected with the spinal nerves .by the visceral: 
'rami (p.:T83). As the spinal nerves develop by outgrowths from the 
spinal ganglia and' the n.euroblasts of the spinal cord, oeils are carried, 
down with them from both sources and these are aggregated in a series 
of metameric sympathetic ganglia near the aorta. As' is seen in figs. 
.195, 199, the visceral rami .are composed of nerve fibres, both motor' 
and sensory, of the visceral series, and by means of these .the sympa- 
thetic system is in communication'.with the central nervous, system.' 
From this first series, the so-calledxhain gangliaj' the system is ex-: 
tended farther by the development of 'a.prevertebral seriesof ganglia' 
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—some times ' siiigle, ' sometimes paired — lying ventral to the aorta 
(fig. ' 199) and connected with the chain by metairieric nerves. Some 
of these prevertebral gangKa in the higher groups are of considerable 
size and have received special names — cardiac^ pelvic and hypogastric 
■ganglia and solar plexus. . 

In the lampreys the chain ganglia are not connected with each 
other and they are confined to . the region :■ of 
the body cavity. In the elasmobranchs and 
perennibranch amphibia a network of fibres' 
extends from one ganghon to the next, but in 
many teleosts and in the higher groups (figs. 
198, 199) the chain ganglia of a side are con- 
nected by a longitudinal ssmpathetic truiik 
nerve. In these animals, there is also an exten- 
sion of the system into the head. 

In the teleosts the cephalic sympathetic ganglia lie 
beneath the floor of the cranium and are associated 
with the ganglia of the fifth, seventh, ninth and tenth 
cranial nerves; there is also an extension of the system 
to the tip of the tail, the nerves lying in the haemal 
arches of the vertebrae. In the perennibranchs the 
cephalic part of the system extends as far forward as 
the seventh nerve, its connexion with the more pos- 
terior parts being in part by a separate trunk, Jacob- 
son’s commissure (fig. 200, Af C) extending forward 
from the ninth and tenth roots. In the anura (fig. 198), 
the cephalic extension reaches only to the tenth nerve. 
In the amnio tes the cephalic part of the system is 
well developed and is connected with several well-de- 
veloped ganglia (cervical, sphenopalatine, otic, sub- 
maxillary, etc.), which also receive branches from the 
regular cranial nerves. 

In the sympathetic system, besides the visceral 
■sensory and motor elements already referred to, there 
are elements which may be grouped as purely sympa- 
thetic. The ramus visceralis carries fibres which arise 
either from ganglion cells in the dorsal ganglion or 
from those in the lateral column (cornu) of the cord 
(fig. 195). These develop their axons and dendrites 
which interlace with motor and sensory ganglion cells 
lying in the chain ganglia (fig. 199,, eg). From these some nerve fibres extend 
out to the viscera, while others run backward to course in the dorsal and 
ventral rami of the spinal nerves to reach the blood-vessels and smooth muscle 
fibres in the peripheral parts of the body. These purely sympathetic fibres 


198. 


—Sympa- 
thetic system of right 
side of a frog, after 
Gaupp. Somatic nerves 
dotted, sympathetic 
black. iJ, atlas 
common intestinal 
artery; ao, aorta; c, coc- 
cyx; cr, crural nerve;/, 
jugal ganglion; i, sciatic 
nerve; f, radices aortse; 
5, base of skull; sp, 
splanchnic nerve; 
sympathetic trunk; ik, 
■Hio-hypogastric , nerve; 
JJ-XI, second to 
eleventh trunk nerves. 
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are ' non-meduliated and hence are gray in color, and in the, mammals the 
trunk, carrying these from the chain ganglia to the dorsal and ventral 
.branches is called the gray ramus (fig. 199, gr). 

' In development some of the cells brought from the spinal cord or gang- 
lion of the dorsal, root migrate from the sympathetic parts and pass to various, 
regions of the body, being usually closely associated with the glands of so-caHed 
■internal secretion — hypophysis, carotid gland, suprarenals, etc.. These cells 
possess a peculiar affinity for chromic acid salts and have been called chroma- 
pMle cells. Little is known of their function (p. 371). 

THE CRANIAL NERVES 

The nerves which arise from the brain and pass out through the 
foramina in the skull are known as the cranial nerves. While in a 
general way they resemble the spinal nerves, they have been special- 



Fig, 199. — Diagram of the relations of the sympathetic system, based on Huber. 
The character of the different fibres is shown by conventional lines, blood-vessel; 
cgj chain ganglion; d, dorsal ramus; dr, dorsal root; g, gland; gr, gray ramus; pc, Pacinian 
corpuscle; pg, peripheral ganglion; pvg, prevertebral ganglion; sg, ganglion of dorsal root; 
$t, sympathetic trunk; d, ventral ramus visceral ramus; vr, ventral root; wr, white 
ramus.' . . 

ized and modified in many respects in correspondence with the 
specialization of the head itself, some consisting of sensory fibres 
alone, some of motor fibres only, while others are mixed, that is, con- 
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■ - v,.Fig; 2oo..-™“Diagrams of tlie branches,, and components of (A) the ' trigeminaly {B} 
facial, and (C) glossopharyngealand vagus nerves of a lower vertebrate. ; buccalis 
nerve; rl, chorda t3nnpani; d, dorsal rami nf iZ andX; g, gastric'nerve; gg, in ii, Gas- 
serian ganglion, in geniculate ganglion;, hj hyoid nerve; /m, hyomandibuiar trunk; 
jr", Jacobson’s comimssure; Jg, jugular gangnon; lateralis nerve of X; Ig, lateralis 
;;ganglon;;OTd,^, mandibular . nerve; m,. maxiHaris mire; mxe^ maxillaris. externus. nerve; 

Ophthalmicus profundus nerve; es, superficial ophthalmic nerve; pal^ palatine nerve; 

pfj^’post- and pretrematic rami; spj spiracle; st^ nerve to supratemporal lateral 
line organs; 1-5, gill clefts. 
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tain both kinds of fibres. One striking difference is that' none of the 
cranial nerves has dorsal and ventral roots like those of the spinal 
nerves, and while those which carry sensory fibres have a ganglion 
near the root, the purely motor nerves have no such enlargement. 
In the earlier stages of development one of these nerves (the hypo- 
glossal) has both dorsal and ventral roots, but with later stages^ the 
dorsal root and its ganglion are lost. In the ichthyopsida there are 
ten cranial nerves; in the amniotes two more are added at the hinder 
end of the brain, giving a total of twelve in the higher groups. 

All of the components of a spinaWrerve (somatic sensory, somatic 
motor, visceral sensory and visceral motor) are distributed among the 
cranial nerves, and in addition two other components occur— a 
lateralis system and the nerves of special sense, giving a total of six 
different kinds of conducting tracts. Regarding these a few words 
may be said. The somatic sensory nerves (called in the head the 
general cutaneous) terminate in the skin, either as free nerve ends or 
in special tactile sense organs. The visceral sensory fibres end in 
taste organs, usually inside the mouth, but in teleostome fishes these 
may be distributed over the surface of the body. The lateralis 
elements are sensory and terminate in peculiar collections of sense 
cells, known as sense hillocks or neuromasts in the ear and in the 
lateral line organs (p. 203) of the lower (branchiate) ichthyopsida. 

Taking components and other facts into consideration, the cranial 
nerves may be arranged in several groups. Some of these contain 
but a single component, others are more mixed in character. The 
constitution of these latter may be seen in general outlines in figure 
200; further details concerning them should be sought in special 
papers. These groups are as follows: 

1. Nerves of special sense — olfactory and optic. These arise 
from the primitive fore-brain and go respectively to the nose and eye. 
In several points they are without parallel among the spinal nerves. 

2. The eye-muscle nerves— oculomotor, trochlear, and abducens 
—are somatic motor (with some visceral sensory and motor fibres in 
the oculomotor). These control the muscles of the eye (p. 139). 
The hypoglossal is also in the purely somatic motor group, while the 
/accessory is visceral motor. ' ^ ' ' 

1^3'. , The,' acustico-Iateralis system. ; This 'includes the ' acustic 
.■nerve: of all vertebrates, and in' the branchiate ichthyopsidans, por-, 
tions/of the .seventh/and 'tenth;., nerves ' which are distributed To , the 
peculiar sense organs of the lateral lines of the head and body. These 
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nerves. "have, a separate centre in the upper anterior end of*'‘''th€ 
.medulla oblongata. ■ 

4. The fifth, seventh, ninth and tenth nerves, which approach 
more nearly to a spiiiah nerve in character. These arise from the 
medulla, each has only dorsal roots, is ganglionated and contains at 
least somatic sensory (usually called general cutaneous in the head) 
and' visceral sensory and motor components. In addition, as indi- 
cated under 3, the seventh and tenth may also^include lateralis ele- 
ments. Of these the ninth (fig, 201, IX) is the simplest. It arises 
from the dorsal side of the medulla, and just beyond its ganglion it 
divides into two branches, one (pretrematic) going in front of the gill 
cleft, the other (posttrematic) passing behind that openiing. In the 
seventh nerve the same conditions are repeated, the spiracle being but 
a reduced gill cleft (fig. 149). In the same way the fifth. nerve has 
its pretrematic (maxillary) and posttrematic (mandibular) branches, 
the mouth in this case being the opening above which the nerve 



Fig. 201. — Diagram of cranial nerves of lower vertebrate. Eye-muscle nerves 
omitted; central nervous system dotted, fifth nerve represented as composed of two 
nerves; lateralis nerves separated from the ninth and tenth nerves, J-X, cranial 
nerves; i”5, gill clefts; J?, buccalis nerve; c, chorda tympani; g, geniculate ganglion; 
/sj, hyoid nerve; i, intestinal (pneumogastric) nerve; y, jugal ganglion, I, lateral line 
nerve of X; nij mouth; md^ mandibular nerve; int^ mentalis nerve; mx, maxillar}^ nerve; 

profundus nerve; opV, opVII^ superficial ophthalmic nerves of V 
and VJI] p, palatine nerve; po, posttrematic nerves; pr, pretrematic nerves; pt, petrosa! 
ganglion; s, semilunar (Gasserian) ganglion; spy spiracle. 

divides. The tenth, which supplies all of the remaining gill clefts 
may be regarded as a complex of as many nerves as there are clefts, 
behind the first, though there is no embryological evidence of distinct 
roots and ganglia. 

The ten (ichthyopsida) or twelve (amniotes) cranial nerves are 
known by name and by number, the numbers being given in approxi- 
mate accordance with the exits of the lierves from the brain. Be- 
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cause of their great importance the cranial nerves are described in 
some, detail. 

I. The olfactory nerve (nervtis olfactoritis) extends from the ol- 
factory lobe of the brain (rhinencephalon) to the sensory (olfactory) 



Fig. 2 02. —Diagrams of the different kinds of olfactory bulb, tract, and nerve, bo, 
olfactory bulb; g, glomeruli; ol, olfactory lobe; on^ olfactory nerve; to, olfactory tract. 

epithelium of the nose. It differs from all other cranial nerves in that 
it consists of prolongations (axons) of the sensory cells themselves, and 
in having no ganglion separate from those cells. 



Fig. 203. — Brain and olfactory and {nt) terminalis nerves of Scoliodon after Locy, 

Close analysis shows that two different structures are frequently confused 
under the term olfactory nerve. The true nerve consists of the fibres (olfactory 
threads) which run back from the olfactory epithelium and terminate posteriorly 
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in teiodendra whicli interlace with dendrites from (mitral) cells in the olfactory 
lobcj the interiacings forming oval bodies (glomerali) in the lobe. The position 
of the glomeruli varies (fig. 202). In elasmobranchsj some teleosts, ganoids.j 
snakes, some lizards, and mammals, the nerve is very short (fig. 202, m^hile 
the lobe is drawn out and differentiated into a distal enlargement, the olfactory 
bulb containing the glomeruli, and a slender olfactory tractj the bulb being closely 
applied to the olfactory surface. In some teleosts, amphibia, some' lizards and 
turtles (fig. 202 yB) the nerve is long and the olfactory lobe is not differentiated 
Into regions. In the gymnophiones the olfactory nerve has two roots, though 
these are not to be compared with the dorsal and ventral roots of a spinal nerve. 

The terminal nerve (nervus terminalis) is a very recent discovery 
(first found in dipnoi and now known to occur in all classes of verte- 
brates, including man). The terminal (or preoptic nerve, fig. 203), 
leaves the brain near the base of the olfactory nerve, has its ganglion, 
and terminates in the mucous membrane of the nose. Its cerebral 
connexions (it has been traced into the hypothalamus) are uncertain 
and nothing is known of its functions. 

II. The optic nerve ( nervns opticus) arises from the floor of the 
diencephalon and extends to the eye, where its branches are distrib- 



Fig. 204.— Chiasmata in XX (A) herring; ( 5 ) Agamid lizard, and (C) mammals 
(Wiedersheim). c;, crossed fibres; cf?, commissure; d, direct fibres. 

uted over the inner surface of the retina, in the inner layer of which are 
its ganglion cells (see p. 224). On the floor of the Twixt-brain the 
fibres from the right eye pass to the left side of the brain and those of 
the left eye to the right side, forming a crossing or chiasma on the 
low^er surface. From thence the fibres run dorsally and backward 
and enter the optic lobes. In most vertebrates the chiasma is plainly 
seen from the outside, but in the cyclostomes it is embedded in the 
brain. In the lower vertebrates the chiasma is complete, and the 
nerves may simply overlap, or the fibres may be variously interlaced. 
In the mammals the chiasma can only be analyzed by microscopic 
methods, while in this class the crossing is encomplete, there being 
crossed and uncrossed fibres, a peculiarity connected with binocular 
vision (fig. 20.1-)* 
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Fig. 205,— Brain and cranial nerves of Carcharias MUoralis (Princeton 310), natural 
size, bo, olfactory bulb branchial nerves; cr, auricle of medulla; d, dienceplialon; 

epiph3''‘sia! stalk, the pineal organ lacking; ec, external canal of ear; ef, external rectus; 
€0^ external oblique; te, hyomandibular nerve; inferior oblique; 7 , lateralis nerve; 
md, mandibularis nerve; ml, myelencephalon; ms, mesencephalon, also, maxillaris 
superior; mi, metencephalon; oi?, olfactory organ; 0^, ophthalmicus superficialis nerve; 
ot, olfactory tract; ^al, palatine nerve; posterior canal; ;^a, posttrematic branch; pr, 
pretrematic branch; superior oblique; superior rectus; t, telencephalon; utric- 
ulus; D visceral branch of X\ I-X, cranial nerves. 

13 


i 



194 , 


COMPARAm^E MORPHOLOGY OR 'VERTEBRATES 


■ Several peculiarities of tlie optic nerve can be understood only on the basis 
of its deveiopmentj, the details of the development being given in , connexion 
with that of the eye (p. 222). The eye grows out from the dorsal zone O'f the 
fore-brain. This outgrowth forms a cup, the distal surface of which is to form 
the retina. The 'inner' (distal) cells of the cup proliferate the nerve fibres which 
grow from this point, through a gap in the wall of the cup (the chorioid fissure), 
.'back along, the stem of the cup to the brain. A continuation in this course 
results in the chiasma and the connexion' with the mid-brain, although the eye 
starts from the Twixt-brain. 

Both the optic and the olfactory nerves are frequently stated to be out- 
growths from the brain, but in* the broader sense, neither of them is. The older 
view was that the stalk of the cup was directly transformed into the optic nerve, 
a belief which led to the usual statement. 

A small ^thalamic nerve,’ arising between the di- and mesencephalon, has been 
described in the embryo of some elasmobranchs. It is not certain that it is 
nervous; it disappears without leaving a trace, unless it contribute nervous 
material to the ciliary ganglion. 

Ill, ‘IV, VI. Nervi oculomotorius, trochlearis and abdticeiis. — 
These three nerves supply the muscles which move the eye in its 
socket and, as the eye -muscle nerves, may be treated here together 
(figs. 150, 205). The oculomotor nerve arises from the ventral sur- 
face of the mid-brain and supplies the superior, medial and inferior 
rectus and the inferior oblique muscles. The trochlear nerve 
leaves the dorsal surface of the hinder margin of the mid-brain and 
goes to the superior oblique muscle. The abducens nerve comes 
from the inferior surface of the medulla and supplies the lateral recfus 
muscle. In most vertebrates these nerves are readily traced, but not 
infrequently the abducens is united near its origin with the fifth 
nerve, while in Peiromyzon it has not been found, and it is said that 
all of the eye-muscle nerves are absent from the adult Bdellostoma, 

The peculiarities and inequalities of the distribution of the three eye- 
muscle nerves receive their explanation in the development of the eye muscles. 
These arise from three myotomes (p. T39 and fig. 150), one somite forming three 
of the rectus and the inferior oblique muscles, the other two somites forming one 
muscle each. With the division of the niyotome into four parts, the oculo- 
motor nerve continues its distribution to each of the derivatives. 

The trochlear nerve is peculiar among aU motor nerves in that it leaves 
the dorsal surface of the central nervous system. It is farther peculiar in having 
a chiasma in the dorsal surface of the mid-brain, from which its fibres extend 
downward to the ganglion cells in the floor of the mid-brain. The eye-miiscle 
nerves are the only somatic motor nerves in the head of the lower vertebrates. 

V. Nenms trigeminalis.— The trigeminal is one of the largest 
cranial nerves. It arises (fig. 205, V) from the antero-lateral angle 



CEANIAL NERVES 


195 


of the myelencephalon (dorsal zone) and bears a large semilunar or 
Gasserian ganglion near its origin. This may lie either within or 
outside the skull. In the higher vertebrates the nerve divides just 
beyond the ganglion into three main trunks, the ophthalmic, maxil- 
laiy, and mandibular nerves, whence its name. In the lower verte- 
brates the maxillary and mandibular are united for some distance. 



Fig, 206. — Ventral view of brain and cranial nerves oi Iguana, after Fischer. I- 
JI/, cranial nerves; i-“3, first three cervical nerves; gp, petrosal ganglion; Jacobson's 
commissure; 7^, hypoglossal; nasalis ramus of V;/, ramus frontalis of F; sy, sym- 
pathetic. ■ 

In the fishes there are two branches of the ophthalmic nerve, 
an ophthalmicus superficialis of the fifth and an ophthalmicus pro- 
fundus. Both are purely sensory. In the higher vertebratee 
(tetrapoda) only the profundus persists. The chief distribution of 
the superficialis is the skin of the top of the head and the tip of the 
snout. The profundus goes between the eye muscles and the eye. 
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sends brandies to the eyelids and conjunctiva, and. extends to the 
mucous membrane of the nose. In its course it is connected with the 
cffiaiy ganglioiij of problematic relationships, which receives also 
sympathetic fibres and sends nerves to the iris and the ciliary muscles 
of . the, eye. 

The superior maxillary nerve runs along the margin of the upper 
jaw, supplying the face, the lower -.side of the orbit, and the teeth. 
In' cases , where the profundus is reduced,, the maxillary nerve extends 



into its territory. In the higher vertebrates it comes into relations 
with' the sphenopalatine ganglion which also receives sympathetic 
fibres. 

The mandibular nerve, going to the low^er jaw, runs on the outer 
side of Meckel’s cartilage; in the higher forms, with the development 
of bone, it becomes enclosed in the jaw. It carries motor elements 
which innervate the muscles of the jaw and also sensory fibres which 
supply the lips, teeth and, in the mammals, part of the face, and 
in mammals and some reptiles it sends . a branch (lingual nerve) into ,, 
the tongue. In the mammals there'is associated with it an otic and a 
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•siibmaxillary ganglioiij with contributions from ■ the sympathetic 
system. , ■ . . 

A number of facts go to show that the ophthalmic branches of the trigeminal 
nerve really form a distinct nerve, and so it has been represented in figure 201. 
Among these ieatures the most prominent is that, while the centre of the rest 
of the fifth nerve lies in the medulla, the fibres of the ophthalmic: are traced 
into .the mid-brain (fig. 177). 

Teleosts often have a recurrent nerve, formerly considered as a part of the 
fifth, which runs along the body near the dorsal fin and which receives branches 
from the spinal nerves. Its main fibres belong either to the seventh (gustatory) 
or the tenth nerves (lateralis). 

VII. The facial nerve (nervus facialis) arises from the medulla 
oblongata just in front of the ear. In the forms with a lateral line 
component it bears two closely associated ganglia (fig. 201, VII), but 
in most others only a single geniculate ganglion, these being closely 
associated with the Gasserian ganglion of the fifth nerve in the 
ichthyopsida. In some fishes, urodeles and mammals the facial 
nerve also has a general cutaneous root and ganglion. The true 
facial nerve gives off a palatine nerve which runs in the roof of the 
mouth, and then divides, just above the spiracle, into a pretrematic 
nerve which goes into the lower jaw, and a posttrematic branch, 
called the hyoid nerve in comparative anatomy. It is the facial 
nerve of man. In the higher vertebrates this hyoid gives off a small 
nerve, the chorda tympani, which soon unites with the mandibular 
branch of the fifth nerve and then its fibres enter the lingual branch 
of the fifth and go to the taste organs of the tip of the tongue. The 
rest of the facial is largely motor, its fibres controlling the muscles 
of the neck and those which open the mouth. In the mammals, 
with a greater development of the facial musculature (p. 145), 
the facial gains a greater distribution in the facial region, extending 
to almost all parts of the face. , 

The lateralis element of the seventh has its own ganglion, beyond 
which the nerve divides into three branches. Of these ' the. sup.er"- 
ficiai ophthalmic of VII usually unites with the similarly named nerve 
of the fifth and supplies the lateral line organs and related structures 
of the top of the head, dorsal to the 'eyes. The second' branch, ' the; 
buccal nervej . supplies the organs below the eye and along the line of 
the upper jaw. ; The last,' the . external mandibular" nerve, is con-: 
nected with the lateraHine organs of the. operculum (where present) 
and the lower jaw. . The ^ b^^ associated with 



1 98 COMPARATIVE MORPHOLOGY OP VERTEBRATES 

the maxillary nerve and the external mandibular is similarly related 
to the mandibular ramus of the fifth. 

In the higher vertebrates, where the lateral-line organs never 
appear, the corresponding nerves are not even outlined in the em- 
bryo, and in the anura and the salamandrine amphibia, where both 
organs and nerves are present in the larva, they are lost at the time of 
metamorphosis. 

VIII. The auditory nerve (n. acusticus) is always closely related 
to the facial, their ganglia being fused, although the roots are distinct. 
This nerve is wholly sensory, its two branches (the cochlear and the 
vestibular nerves) being distributed to the sensory structures of the 
inner ear. Both tire central relations of the nerve and the peculiari- 
ties of the ear proclaim that the acustic nerve belongs with those of 
the lateral line. In the higher vertebrates this is all that is left of 
that system. 

IX. The glossopharyngeal nerve (figs. 201, 205) is the first of the 
postotic nerves and is more like a spinal nerve than those in front of 
the ear. It arises from the medulla oblongata close to the tenth 
nerve and in the amphibia its roots and its ganglion (the petrosal) 
fuse with those of the vagus. In the branchiate vertebrates the 
nerve goes to the first gill cleft, dividing above it into pre- and post- 
trematic rami, the pretrematic going to the region of the hyoid arch, 
the oral cavity and in teleosts to the pseudobranch. The posttrematic 
branch is larger, supplying the muscles of the first cleft and sending a 
lingual branch to the taste organs. In the amniotes the conditions 
are much the same, although the cleft is closed. The posttrematic 
branch, here called the pharyngeal nerve, is much the larger. 

In the lampreys, elasmobranchs and some ganoids a dorsal (supratemporal) 
nerve is given off from the glossopharyngeal near the petrosal ganglion (fig. 200, 
d) which recalls that of a spinal nerve. It is usually lateralis, but sometimes it 
contains general cutaneous fibres from the vagus nerve. In the ichthyopsida 
the ninth is connected with the fifth nerve by a trunk called Jacobson’s com- 
missure (fig. 200, A, j). In mammals a general cutaneous nerve (auricular) 
arises from both the ninth and tenth nerves and goes to the conch and adjacent 
parts near the external ear. 

X. The vagus nerve (fig. 200) is apparently a composite of 
several metameric nerves like the ninth, with the addition, in the 
ichthyopsida of a part of the lateralis system. The nerve differs 
considerably in the ichthyopsida and the amniotes, so, for conven- 
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• ience of description the ichthyopsidan condition' will be considered^ 
first. ' . 

In all vertebrates which respire by gills the vagus arises by a 
number of rootlets and has two, closely associated ganglia, an anterior 
lateralis and. a posterior jugular, the latter containing both somatic 
and : visceral sensory ceils. From the, jugular , ganglion a. single 
' brancMo-intestiiial . nerve arises which sendS' branches "to each gill 
cleft behind the first, these varying in number from four in' most 
forms to six in the lower sharks and lampreys and an uncertain num- 
ber (see p. 266) in the myxinoid Bdellostoma. In lampreys and 
elasmobranchs each of these branchial nerves bears an epibrancHal 
ganglion, but in the teleosts these are fused in the main trunk. Be- 
yond the ganglion each branchial nerve divides above the gill cleft 
into pre- and posttrematic branches like those of the ninth. Beyond 
the nerve going to the last cleft, the trunk continues as the intestinal 
nerve (pneumogastiic of human anatomy) to the heart, stomach and 
lungs and air bladder (when present). 

The lateralis part of the nerves separates from the rest and follows 
the lateral-line organs of the body back to the tail, running in the 
partition between the epi- and hypaxial muscles, sometimes near the 
vertebral column, sometimes just beneath the skin, and sending small 
nerves to the lateral sense organs. Like the lateralis nerves of the 
seventh, that of the vagus occurs in all ichthyopsida which have gills, 
but in the anura and caducibranch urodeles lateral-line organs and 
nerves are lost at the time of metamorphosis, though they are retained 
throughout life in the perennibranchs. 

In ail vertebrates branches of the intestinal nerve enter into close relations 
with the sympathetic system. In the myxinoids the intestinal nerves of the 
two sides unite dorsal to the alimentary canal and continue in that position 
back to the anus. In some teleosts (plectognaths) the lateralis nerve is greatly 
reduced. In those bony fishes where the sense organs of the lateral line have 
migrated above the division between epi- and hypaxial muscles, they may be 
accompanied by a second, the superficial lateralis trunk. 

With the absence of gills in the amnio tes and their loss in the 
higher amphibia the lateralis elements disappear and the branchial 
nerves are reduced,, parts are present as pharyngeal nerves* 

On thC' intestinal nerve is a nodose ganglion (fig. 2o8,.#) .:which^: m 
be the equivalent of the epibranchial ganglion of teleosts. In 
Sphenodon the intestinal trunk gives off a series of three metameric 
nerves (fig. 208) which, in their relations to the aortic arches, recall 
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the' brancHal nerves of lishes. Apparently the first and third of 
these are represented in the mammals by the superior and inferior 
laryngeal nerves. 

In the tetrapoda the intestinal branch supplies not only the stoni” 
acli and heart as in the ichthyopsida, but the lungs as wellj a point of 
interest, in' connexion with the theories of the origin of lungs. The 
dorsal ramus of the lower fishes is retained as the auricular nerve- 
which unites with the similarly named branch of the ninm. In the 
higher, as in the lower vertebrates, the vagus is connected at several 
points with the sympathetic system besides the connexion mt the Jug-, 
uiar ganglion. ■■ It may be noted, here that, since the lagus is a 



Fig. 208. — Diagram of the neck region of Sphenodon, after Van Bemmeln. Arteries 
white, pharyngeal derivatives dotted, nerves black, ao, dorsal aorta; c, carotid gland; 
ec, external carotid; gc^ cervical ganglion of sympathetic; ic^ internal carotid; H, Is, 
inferior and superior laryngeal nerves; n, ganglion nodosum; pa, pulmonary artery; 
pg, petrosal ganglion; sy, sympathetic trunk; i, thymus; tr, thyreoid. 

cranial nerve, its distribution to heart, stomach and lungs, has 
been used to show that these structures belong morphologically to 
the head, although they may be far removed from it in the adult. 

XI. Accessory nerve. — This and the next are regarded as cranial 
nerves occurring only in the amnio tes; but in the elasmobranchs 
nerves are given off from the vagus which innervate the trapezius 
muscle, and much the same conditions are found in the amphibia. 
In these classes the centre of the nerve is in the medulla oblongata. 
In the amiiiotes the centre of the accessory nerve is in both medulla 
and spinal cord, parts of it so far back that the posterior rootlets may 
emerge from the cord near the seventh cervical nerve. These rootlets 
unite in a trunk which runs forward, between the dorsal and ventral 
roots of the spinal nerves into the cranium, and leaves the skull with 
or near the vagus. The accessory is a mdtor nerve and in the aio.ni- 
otes supplies the trapezius and sternocleidomastoid muscles which 
move the shoulder girdle. 
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XII, The hypoglossal nerve acquires its full development in the 
amniotes, though^ apparently it has its equivalents in the ichthyop- 
,sida. In the adult it is purely motor, but in its development in 
several mammals ganglionated dorsal roots occur which later disap- 
pear. ■ The rootlets of the adult are usually two or three in number; 
sometimes more. They unite to form' the hypoglossal nerve which 
usually unites with the anterior cervical nerves to form a cervical 
plexus, from which the main trunk goes to the hypoglossal muscles 
and to th| retractors of the tongue (in birds to the syrinx as well). 

Ill manS fishes there are small spino-occipital nerves which leave the skull 
behind thewagus, these sometimes having (notidanid sharks) a ganglion on a 
dorsal root, roots and ganglia reappearing in the embryonic stages of some 
elasmobranchs, to be lost in later development. These occipital nerves pass 
backward, dorsal to the gill clefts and then forward to innervate the hypobran- 
chial (h3poglGssal) muscles developed from the myo tomes at the posterior end 
of the head (fig. 150, hyp. n). They also supply some of the muscles of the 
pectoral fin. These spino-occipital nerves are the probable homologues of the 
hypoglossal nerves of the amniotes, which have been taken into the cranium in 
the higher group. 

1 1 THE SENSORY ORGANS 

Thl sensory organs (receptors), are to receive information both 
from mthout and from various parts of the body — alimentary tract, 
muscles, joints, etc. — and to transform it into stimuli to be carried 



; ■ ;,Fig. 209. — Free nerve termina- 
tions in , the skin of Salamandra, 
freely after, Retzius. 



Fig. 210. — Sensory cells, after Fiirbringer. 
A, crista cell of ear; rod cell of eye; C ol- 
factory cell. 


by. the nerves to the ganglia,, usually those of the . central nervous, 
system. ,, This information ' varies in ; character, and the . organs 
consequently differ in . structure according to the impressions they 
>are , to receive. 

: ; With, very few exceptions, :the characteristicportions;©! the organs, 
the. sensory cells, arise from the ectoderm, ^but accessory, parts, chiefly 
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of mesodermal originj may be so abundant as to form the bulk of the 
organ. ■ In some cases the organs may remain in connexion with the 
surface of the body (the parent' ectoderm) throughout lifCj but fre- 
quently the)^ sink to a deeper position and become surrounded with a 
protective sense capsule, while those connected with the sympathetic 
' system may be scattered throughout almost the entire body. 

The recipient structures ' may be of two kinds. In the one (fig. 
209) the ends of the nerve receive the impressions from without, often 
aided by various accessory structures. In the, other there are special- 
ized sense cells (fig. 210), the peripheral ends of which bear different 
kinds of cuticular percipient parts — hairs, bristles, rods, cones, etc. — 
while the basal ends of the cells are connected with the terminations 
of nerve cells which act as the conducting elements. The distinction 
between the two is one of convenience rather than one of physiological 
or ifiorphologicai importance, for the ^ nerves^ of the first are in 
reality but the prolongations of sensory cells. 

HERVE-END APPARATUS 

In many cases — skin, alimentary tract, muscles, etc. — the endsjof 
the sensory nerves lose their medullary sheath and break up into fine 
fibrilte which terminate, without special accessory structures, among 



Fig. 21 1. — Af tactile corpuscle; Fig. 212. — Meissner’s corpuscle. 

Grandry’s corpuscle, 

the cells of the tissue to which they are distributed (free nerve ter- 
minations). On the other hand, there are numerous end organs, 
especially among the terrestrial vertebrates, in which accessory parts 
are present. For details of these reference must be made to histolo- 
gical text-books; only a mention of some of the kinds can be made 

In the simple tactile corpuscle the nerve terminates with a cup 
in which is seated a lenticular tactile cell (fig. 211, J[). Somewhat 
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allied' are Grandry^s (MerkeFs) corpuscles in whidi' two or more 
tactile cells are enclosed in a connective- tissue sheath, while the nerve, 
losing its medullary sheath as it reaches the capsule, expands, to 
plates which are inserted between each two tactile (fig. 211, jB) cells. 
In another series of sensory structures the end of the nerve is club- 
shaped and is surrounded' by a connective-tissue sheath, either, simple 
(cytodiical corpuscles) ; or in Pacini^s (Vater’s) and Herbsf s cor-' 
puscleSj the sheath is formed by layers of cells, recalling the coats 
of an onion, while immediately around the club is a la3?'er of cubical 
cells. Still another variant is found inKrausse’^s (corpusculum 
bulboideum) and Meissner’s corpuscles, where the nerve, on enter- 
ing the corpuscle, breaks up into numerous branches which surround 
an axial core of large ceils (fig. 212). 

It is impossible at present to state with certainty the function of 
each of these and other nerve-end apparatuses and to say which are 
connected with the different senses — tactile, pressure, pain, heat and 
cold, muscular, etc. — which are commonly confused under the term 
Houch.’ , : 

LATERAL-LIHE -ORGANS 

The lateral-line organs occur only in the ichthyopsida and here 
only during the branchiate stages. They arise as thickenings of the 
ectoderm on either side of the head in the neighborhood of the ear. 
From here the thickenings extend in definite lines which determine 
the series of organs in the adult. At points on these lines the sensory 
areas are developed by the differentiation of two kind of cells, the 
supporting cells, which extend through the epidermis from the corium 
to the free surface, and the sensory cells, which reach from the surface 
only part w^ay to the base. The latter are pear-shaped and bear 
cuticular hairs or bristles on their free ends (fig. 213), while the 
deeper ends are embraced by the non-medullated fibrils of the later- 
alis system of nerves, which follow the lines of organs, and in develop-- 
ment keep pace with their extension. These sensory areas are the 
nerve hillocks or n eurpm asts already referred to (p. 189). 

In the cyclostomes and aquatic amphibia each sensory patch 
sinks into a separate pit (fig. 213), but in all other ichthyopsida the 
lines of organs sink in the same way, the patches being connected by 
grooves. In Chimmra these grooves remain open, but in all others 
they are closed except at certain points where pores connect the 
canals formed by the closed grooves with the exterior. In this way 
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the sensory areas come to lie in canals beneath, the surface, water 
obtaining access to them through the pores. In many teleosts (fig. 
215) the pores pass tliroiigli notches or openings in the scales, while on 
the liisad the canals themselves frequently run through some of the 
cranial bones. 




Fig. 213.— Sense organ of lateral line of Diemyctylus (aquatic form) freely after 
Kingsbury, Cj cone cells; s, spindle cells. 

Fig. 214.— Developing lateral line organ on one side of head oi Amiaj showing 
method of closure of grooves to canals, after Allis, an^ anterior naris; io, so, infra- 
and supraorbital lines; posterior naris. 

Of considerable morphological importance, especially in connexion with the 
morphology of the ear, are the facts that the sensory areas multiply by elonga- 
tion, followed by division, and that the pores themselves increase in the same 



way (fig. 214); the pore elongates and then its margins meet in the middle, 
thus producing two pores. There has been much discussion as to the develop- 
ment of the lateralis nerves, especially that of the trunk, some thinking that it 
increases by additions from the ectoderm of the skin. It appears more probable 
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that ail of its material is derived from the nerve and that there are no additions 
from, other sources. 

The distribution o,f these organs and their canals varies, consider- 
ably. The most constant lines are the following (tig. 216): A 
-f raorbital line running forward from the region of the ear, above the 
eye, to the tip of the snout and innervated by the superficial ophthal- 
mic branch of the seventh nerve; an infraorbital line running in the 
same way beneath the eye and supplied by the buccalis nerve;^a 
hyomandibnlar line extending along the lower jaw (and the oper- 
culum when present), and innervated by the mandibularis externus; 



Fig. 216.— Head of pollack, showing lateral-line canals and nerves of the lateralis 
system, after Cole. Lateralis nerves black, canals and brain dotted- h, buccalis ramus 
of VII nerve; d/5 dorsal ramus of lateralis of X nerve; hyomandibularis nerve; /fw, 
hyomandibular line of organs; w, infraorbital line; /, lateral-line canal; n, nares; 0, 
olfactory lobe; op^ operculum; 0^, ophthalmicus superficialis nerve; 50c, commissure 
connecting^ lines of the two sides; so\ supraorbital line of organs; st^ supratemporal part 
of lateral line ; ?'/, ventral ramus of lateralis of X nerve; x, visceralis part of X nerve. 

and lastly the lateral line proper (sometimes double) which runs back 
on either side to the tail and is supplied by the lateralis of the tenth 
nerve. Frequently the systems of the two sides are connected by a 
stipratemporal line extending across the hinder part of the skull; from 
one, side to .the other' (fig. 216, me)., . 

,, yrhe lateral-line organs appear in the larv^ of all amphibia, but. on ■ 
me assumption of a, terrestrial life they sink beneath the ' skin^ and 
usually degenerate, all traces of them and the lateralis nerves being 
lost in the adult. In a few cases, ( Tn/o^, Amblystom ay etc.) they are 
said not |iD be entirely lost, but to reappear at the surface when the 
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animals return to the water for oviposition. Various functions have 
been assigned to the lateral-line organs. . Since they contain much 
mucus they were long called slime organs. Then they were recog- 
nized as sensory and a ^ sixth sense ^ was attributed to them. Re- 
cently it has been made very probable that they are to recognize 
vibrations of a slow, rate in the water and thus, among other 'things, 
to/determine' currents, , etc. 

Closely allied to the lateral-line organs in nerve supply are the 
ampullse of Savi and Lorenzini which occur in the head of elasmo- 
branchs. Each consists of a long tube, opening by a pore at the sur- 
face of the skin and ending with a chambered enlargement, the am- 
pulla, at the deeper end. The tube is filled with a crystal mucus and 
the ampulla is embraced by fibres of the lateralis nerve. The organs 
have been supposed to be connected with a pressure sense. 

THE AUDITORY ORGANS 

Both in character of innervation and in certain peculiarities of 
development, the sensory parts of the vertebrate ears are closely related 



Fig. 217. — Diagram of developing human labyrinth from 6 to 30 mm. long, after 
Streeter, am^ ampulla; c, cochlear region and cochlea; au^ ampulio-utricular region; 
endolympii duct; endolymph region; sc^ semicircular canal; se, endolymph sac; r, 
saccuius; u, utriculus; us, utriculo-saccular canal; v, vestibule. 

to the lateral-line organs. In their most complete expression 
parts are recognized in the auditory organs, the outer, middle and 
inner ears. Of these the last is the essential portion and occurs in all 
vertebrates, the middle ear first appearing as such in thes^mphibia 
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and the outer ear^ more or less completely developed, 'is found only in 
the amnio tes. 

The Iniier Ear arises as a circular area of thickened ectoderm on 
either side of the head, between the seventh and ninth nerves (Jig. 
148, oc). This soon becomes cup-shaped and then the cup closes in to 
form an auditory vesicle (figs; '217, 218), the cavity of which is con- 
nected with the exterior by ' a slender tube, the endol3mph ductj the 
result of incomplete closure. As one portion of the medial wall of the 
vesicle develops an area of sensory epithelium like that of the lateral- 
line system, this stage ma}^ be compared to an isolated canal organ 
■with a single pore. 


In the amphibia (fig. 218) and some of the ganoids, where there is a two- 
iayered ectoderm from the early stages, there is never an open auditory cup. 
The lower, so-called nervous layer of the ectoderm is alone concerned in the 
formation of the auditory vesicle, while the outer layer extends as an unbroken 
sheet across the cup. In the elasmobranchs the endoiymph ducts open to the 
exterior throughout life, the external pores being recognizable on the top of the 
head. Elsewhere they later lose their external openings, and the distal end of 
each usually expands into an enlargement, the sacculus endoisunphaticus, 
but in the amphibia the ducts of the two sides may unite dorsal to the brain, 
while other parts may branch and grow in a root-like manner, in the canal of the 
spinal cord, sending diverticula (frog) into the so-called calcareous glands, which 



Fig. 218. — Development of ear of Amblystoma (Norris), A , beginning invagination 
of otic vesicle; B, vesicle closed; C, model of early vesicle; D, older; E, parts all outlined. 
Sensory patches lined, a, anterior canal; aa, anterior ampulla; ai, auditory invagina- 
tion; de^ endoiymph duct; e, external canal; ea, external ampulla; g, otic ganglion; 1 ^ 
lagena; m, medulla oblongata; n, notochord; posterior canal; r, vestibular recess; 
Sf sacculus; se^ endoiymph sac; u, iitriculus; otic vesicle; 7, seventh nerve. 


The in the auditory vesicle is its differentiation by a 

constriq^ ^Bfc wo chambers, an upper vestibultim or utriculus and 
ower (fig. 217), the two connected by a narrow sacciilo- 

ular canal. The sensory area becomes divided between the two. 
rior, posterior and lateral walls of the utriculus now produce 
outgrowths, the lateral in the horizontal, the others in ver- 
s, and parts of the sensory areas extend into each. Next, 
these diverticula become pinched together so that each 
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pocket is converted into a tube or canal, open at either' end into the 
utriciilus, and hence approximately semicircular in outline (fig. 219). 
In one end of each of these semicircular canals there is a patch 
of ■ sensory epithelium and the wall expands around this into an 
ampuUaj, the ampulla of the anterior and external canals being side 
by ' side, that of the posterior canal at its lower end. 

■ 111 the lower ichthyopsida there is 'little differentiation in the sac- 
culus, but in the higher a pocket, the lagena^ is given off from its 
posterior side, a portion of the sensory epithelium extending into it. 



Fig. 219.— Diagram of the membranous labyrinth of a vertebrate, the sensory areas 
dotted, ac, anterior semicircular canal; ap, ampullae; ca, cristae acusticae in the ampullae ; 
de, ductus endolymphaticus; he, horizontal (external) canal; I, lagena; ml, mn,ms, mu, 
maculae (of lagena, neglecta, sacculi and utriculi); posterior semicircular canal; s, 
sacculus; 5 e, saccus endolymphaticus; sue, sacculo-utricular canal; u, utriculus. 



With increasing powers of hearing the lagena beco 
( in : the mammals' it acquires a. peculiar d^ 

known as the scala media, a part of the cochlea, 
relations of which are described below. 


In the cyclostomes utriculus and sacculus are not differentiate 
myxinoids there is but a single semicircular canal, with, however, 
at either end. In the lampreys there are two canals, both in the ve 
and each with an ampulla at its lower end. 


dy elon- 
and is. 
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These par tS' of the internal ear form the membranotts labyrinth,^ 
With the formation of canals, lagena, etc.,, the sensory epithelium 
divides into separate areas (fig. 219), some of which ^ (maculae actis- 
tic^) have sensory cells with short hairs or bristles, while others 
(ei:iste.,.ac.iistic^)5 characteristic of the ampullas, have cells with 
longer hairs. The membranous labyrinth is filled with a fluid, ' the 
endolymph, in which' are solid particles, the otoliths. ' These are 
usually microscopic' crystals of calcium' carbonate which give the 
eiidolymph a milky appearance, but in some- teleosts the" lime is 




Fig. 220. — ^Labyrinth of buman embryo, 30 mm. long, after Streeter, a, ampulla; 
anterior canal; c, cochlea; cr, crus; de, endol 3 nnph duct; nc, cochlear nerve; sac* 
cuius; 5e, endolympii sac; utriculus; vestibular nerve and its ganglion. 

Fig. 221.- — Section through one of the coils of cochlea of guinea pig, after Schneider. 
Bone lined; Is, spiral ligament; r, Reissner’s or vestibular membrane; sg, spiral ganglion; 
■sm, siysv, scales media (ductus cochlearis), tympani and vestibuli; tunnel. 

aggregated into one or more ‘ear stones’ of considerable size. In 
animals with open endolymph ducts (sharks) sand from the exterior 
may form part of the otoliths. 

With the appearance of cartilage the membranous labyrinth be- 
comls^ enclosed in a protecting otic capsule (p. 68), which usually 
follows pretty closely the divisions and canals of the epithelial parts, 
thus forihing the skeletal labyrmth, separated from the membranous 
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labyrintli by a slight „ gap 'filled' with fluid -(the perilymph). Wheii; 
ossification occurs the skeletal labyrinth is converted into the several 
otic bones (p. 76). Sometimes the perilymph space is separated 
from the brain cavity by membrane alone, but usually firiner struc- 
tures intervene, interrupted only by foramina for the passage of nerves 
and blood-vessels, for the endolymph duct and for a similar peri- 
lymph duct, which extends downward. On the, other hand, in all,, 
.vertebrates in which thev middle ear is developed, the lateral .part of 
• the skeletal wall has two openings into the middle ear. .The lower of 
these (fig. 223), the fenestra tympani (f. rottHida)5 is closed by mem- 
brane, In the upper (fenestra ovale or vestibiili),Ihe membrane 
supports a small cartilage or bone., the stapes (p. 80). 

'.One part of this .compound skeletal and, membranous labyrinth. of ■ 
the .mammals becomes very complicated. 'The lagena becomes greatly ■ 


. i: 



Fig. 222. — Organ of Corti of guinea pig, after Schneider, d, Belter’s ceils; hc^ 
Henson’s cells; ih, inner hair ceils; ip, inner pillar cells; Is, limbus spiralis; ml, membrana 
tectoria; n, nerve fibres; oh, outer hair cells; op, outer pillar cells; si, inner sulcus; 
scala tympani; t, tunnel; in, tunnel nerve. 

elongated and in order to accommodate its length it is coiled in a 
spiral (fig. 220, c), its sides reaching the walls of the skeletal laby- 
rinth on either side. In this Way the perilymph space is divided into 
two spiral tubes (fig. 221), called scalse, from their resemblance to 
spiral stairways. The upper of these is the scala vestibuli, the 
lower the scala tympani, while the scala media or cochlear duct is 
formed by the lagena. This whole part of the inner ear is the 
cochlea, so-called from its resemblance to a spiral shell. 

4 The sense organ of the scala media is very specialized and is 
known as the of Corti_^(fig. 222). In general it may bei^aid 
that the scala dirnihTsTEes In ‘width from apex to base, of the co&lea, 
and is accompanied in its coils by a branch (cochlear) of the acustic 
nerve. The sensory structures consist of hair cells and'Deiter’s 
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cells, 'regularly arranged, and a series of pillar cells, inclined : 'to each 
other like the rafters of a roof , in an A-like manner (fig./222, 

As the A^s diminish in width from apex to base of the cochlea, • this 
part has been thought to, play a part in the recognition of pitchy 
There is also a cuticular structure, the membrane tectoria, which ex- 
vtends from, the medial wall out over, the hair cells, and this may be ' the; 
intermediate organ of stimulation and may have' to do with the recog-: 
nition of "sound waves of different rapidity. It has recently been 
shown that the membrana tectoria is connected with the hairs of the 
hair cells. The fact that in birds, where pitch is certainly recognized, 
there is a very different organ of Gorti, renders all speculation 
doubtfuL '■■■■: 1:'. ■■■ -■ ■ ■ 



Fig. 223. — ^Diagram of mammalian ear. ampullae of semicircular canals; an 
acustic nerve; cn, cochlear nerve; em, external auditory meatus; ezi^ Eustachian tube; 

fenestra tympani; i, incus; w, malleus; p, perilymph space (black); pd, perilymph 
duct; phj pharynx; 5, stapes; sc, sacculus; sg, spiral ganglion; sm, st, su, scalse media, 
tympani et vestibiili; t, tympanic cavity; tm, tympanic membrane; u, utriculus; vn, 
vestibular nerve. 

The Middle Ear or tympanum (fig. 223) first appears in the 
anura. It consists of a cavity (cavum tympani) in front of and below 
the otic capsule, connected by a slender duct, the Eustachian or 
auditory tube, with the pharynx. Externally it is separated from the 
• outer world by a thin partition, the tympanic membrane, from which 
a chain of bones, the ossicula auditus (p. 80), extends across the cavity 
to the fenestra ovale, and serves to transmit the sound waves to the 
inner ear. The tympanic cavity is the homologue of the spiracular 
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cleft of the elasmobranchs (see respiration), but it never breaks 
through. The tympanic membrane, covered externally with ecto- 
derm, on the inner surface with entoderm, represents the imperforate 
wall of the cleft, while the Eustachian tube is the narrowed internal 
end of the spiracle. The chain of ear bones has already been de- 
scribed. It is to be noted that the chain consists of columella and 
stapes in anura and sauropsida, while in the mammals columella is re- 
placed by incus and malleus. In the urodeles and gymnophiones, 
where no tympanic cavity is developed, the quadrate articulates 
with the stapes. 

The External Ear. — In the anura and in many reptiles the tym- 
panic membrane is flush with the surface of the head, but in other 
reptiles and in birds it is at the bottom of a canal, the external audi- 
tory meatus, the simplest expression of an external ear. In the 
mammals (whales, sirenians and some,.«eals are exceptions) an exter- 
nal conch is developed behind the meatus to collect the sound waves 
and to direct them to the inner' parts. In some birds the feathers 
are arranged around the meatus so as to play the same part. The 
conch is strengthened by cartilage and is moved by muscles (fig. 
154). There is evidence which points to the conch being homologous 
with either the operculum of fishes or with the first external gill of 
amphibians. 

Functions. — The vertebrate ear is primarily an organ of equili- 
bration by which the animal recognizes all changes of position. 
Though the purposes of the various parts are not accurately known, 
the following conclusions seem warranted; Every movement of the 
head affects the endolymph and the contained otoliths, causing them 
to move (by gravity or by momentum, or by both) over the cristje 
acusticse in the ampullje and the macula utriculi and thus to stimulate 
the sense cells and ner\res. The position of the semicircular canals in 
approximately the three dimensions of space would seem to afford a 
means for the recognition of the directions and amounts of the com- 
ponents of any motion. The maculae, and especially that of the la- 
gena, are probably concerned in the recognition of sound, while it has 
recently been shown that the maculae of utriculus and sacculus have 
a static function. In the fishes the lagena is poorly developed, and 
while some fishes have been proved to hear, others have given 
negative results. With the terrestrial vertebrates the sound per- 
cipient functions of the ear are beyond a doubt, while they still 
retain their equilibrational use. The sound waves strike the tym- 
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panic membrane, are carried across the middle ear by the auditory, 
ossicles, and set the perilymph in motion and thus affect' the parts, 
of the membranous labyrinth. ■ 

ORGANS OF TASTE 

' The sense of taste is resident' in groups of cells known as taste, 
buds. These differ morphologically from the lateral-line organs in 
having each sensory cell extend the depth of the bud, ending at the 
basal membrane, while the majority of the supporting cells are on the 
outer side of the bud (fig. 224). Each sense cell bears a short, bristle- 
like percipient structure on its free end, while the basal end is 
embraced by the fibrillas of the nerve. According to some accounts 
of the development the taste buds are derived from the entoder 
the onl}^ case apparently established for the origin of sense organs 
except from the ectoderm, but this has not been demonstrated 
beyond a doubt. In the higher vertebrates the organs are restricted 
to the cavity of the mouth where (mammals) they occur on the 



Fig. 224. — Section of circumvallate papilla and two taste buds, one in section, 
showing the sense cells in centre, surrounded by the supporting cells. 


tongue, especially on and near the circumvallate papilla (fig. 224), 
on the soft palate and on the epiglottis. In the fishes the distribution 
is much wider, for they are found in the pharynx, on the gills, and 
in many species on the surface of the body, even upon the tail. 
The barbels about the mouth of many forms are richly supplied with 
these organs. 

' The taste organs are supplied by different nerves. Apparently 
those of mammals are supplied by the chorda tympani and the lingual 
branch of the ninth,.,nerve. : In the -fishes those,, of the pharyngeal 
region are supplied by the posttrematic branches of the glossopharyn- 
geal and vagus; those of the mouth by the palatine and mandibular 
|f the seventh; while those on the head of teleostomes are 
oj the ophthalmic and maxillary branches of the fifth, and 
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those of the trunk by the ‘nerve of Weber’ formed by fibres from the 
seventh and sometimes of the tenth nerves. 

OLFACTORY ORGANS 

While the senses of smell and taste are closely associated physio- 
logically, being what might be called the chemical senses, the organs 
concerned differ considerably in structure and relations. The ol- 
factory epithelium is always restricted to one or two patches at the 
anterior end of the head and differs from the taste buds in histological 
structure. Both sensory and supporting cells of the olfactory organs 
are variously constituted. The supporting cells are the stouter, some 
being ciliated, some muciparous at their free ends. The sense ceils 

(fig. 210, C) are thread-like or rod-like, 
being greatly expanded around the spher- 
ical nucleus, while the basal end of each 
contracts to a nerve fibre which extends 
back to the olfactory tract (p. 191), where 
the dendrites, interlacing with those of 
the olfactory lobe, form the glomeruli. In 
the higher vertebrates a third kind of 
cells, the basal cells, occur at the base of 
the olfactory epithelium. 

The olfactory epithelium arises as a 
pair of areas of ectoderm of the top of the 
head, which with growth sink beneath the 
surface as olfactory sacs, connected with 
the external world by (usually) a pair of 
openings, the external nares. The growth 
of the dorsal side of the head carries the 
nares toward the tip of the snout and, in the elasmobranchs, to the 
ventral side of the head. 

The accessory parts of the olfactory organs are the skeletal nasal 
capsules (p. 70), which are always present; the tetrapodous forms 
have glands to keep the epithelium moist, and the organ of Jacobson. 
The involution of the nasal sacs necessitates some mechanism for 
bringing the external medium (water or air) to the sensory cells. 
These will be described in coimection with the several groups below. 
The organ of Jacobson (vomero-nasal organ) is a kind of accessory 
olfactory organ, first appearing in the amphibia, supplied h i7..fcliua.£r.s f 
and fifth nerves and apparently serving to test the charac 



Fig. 225. — Nasal organ of 
c^dlian {Ichthyophis), ^ after 
Sarasins. ch, choana; jo, or- 
gan of Jacobson; Id, lacrimal 
duct; Ip, lateral cavity; mp, 
middle passage; os, olfactory 
sac. 
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food. wMie in the mouth. , The position of the organ near the internal 
nostrils lends probability to this view of the function. ■ 

' The cyclostomes differ markedly from the other vertebrates in their olfactory 
organs. The impaired area of olfactory epithelium develops in the region of 
the anterior neuropore (p. 12) and becomes carried in with the involution for the 


i 






Fig. 226. — ^Longitudinal section of head of 19 day Petromyzon embryo, r/2, optic 
chiasma; ep, epiphysial outgrowth; /z, hypophysial ingrowth; mes, mesenteron; nasal 
epithelium; nc^ notochord; oc^ oral cavity; op, oral plate; sc, canal of spina! cord; th, 
thyreoid. 


hypophysis (fig. 226) so that there is but a single external opening, serving for 
both olfactory organ and hypophysis. Hence cyclostomes, having but a single 
nostril, are called monorhinal, in comparison with all other vertebrates which 
have two nostrils (amphirhinal). The median opening or naris of the cyclo- 
stomes connects with a naro-hypophysial duct, on the upper, posterior wall of 
which is the olfactory sac, formed of pairs of lateral folds (fig. 227) covered 


.Fig.;2'27,T Fig. 228,.' 

Fig. 227. — Naro-hypophysial region of Petromyzon, from above, c, cartilage of 
nasal capsule; M, naro-hypophysial duct; of, folds of olfactory membrane; on, olfactory 

nerve.' 

Fig. 2 28, — Head of Murcena, after Jordan and Evermann, showing double nostrils 


with the olfactory epithelium and supplied by a pair of olfactory nerves. The 
lower part of the duct, now purely hypophysial, descends to the hypophysis on 
the ventral side of the brain, where it either ends blindly (petromyzons) or 
opens into the dorsal part of the oral cavity (myxinoids). In the latter group 
the olfactory organ is surrounded by a complicated nasal capsule of enormous 
size (fig. i8x). 
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All other vertebrates , have paired olfactory areas, , and paired 
nostrils (nares) are developed in connection with them, and they , have 
at no time any relation to the h3T)ophysis. The mechanism for 
bringing the water or air to be tested to the olfactory surface differs 
accordingly as the animals are air or water breathers. In all fishes, 
with the exception of the dipnoi, the sensory surface is at the bottom 
of a pit with no connexion with the alimentary canal. In the elas- 
mobranchs, in order that water may flow more readily through this 
pit, a fold is developed on one side of each naris, which practically 
divides it into two. In many teleosts there is an actual division of 




Fig. 229. Fig. 230. 

Fig. 229.— Section through one nasal labyrinth of Polypterus. The nerve runs 
through the centre. 

Fig. 230. — Head of skate {Mtohatus) after Jordan-Evermann, showing oronasal 
groove ( 0 ) leading from naris (?0 to mouth. 

each primitive nostril into two, which may be at some distance from 
each other, often at the ends of prominent tubes (fig. 228). Inside 
the nasal capsule the olfactory epithelium is variously folded in order 
to increase the sensory surface, of ten forming a labyrinth of consider- 
able complexity (fig. 229). 

In air-breathing vertebrates, beginning with the dipnoi, means are 
developed for drawing air over the sensory surface, the first traces of 
which are seen in the elasmobranchs. These frequently have an 
oronasal groove, leading from each naris to the angle of the mouth 
(fig. 230). In some species this groove is practically converted into 
a tube by the meeting of the walls below. Beginning with the dipnoi 
and continuing with the amphibia .and amniotes (fig. 231) a similar 
groove is formed on either side before the appearance of skeletal parts. 
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This' closes iiij the edges of each groove uniting, so that a tube or duct 
is formed,' leading from the naris into the oral cavity, where an inter- 
nal naris or choana occurs (fig. 232, clt). Later, maxillary and pre- 
maxillary bones arise ventral to the narial passage, so that the ducts 
appear to run through the skull. The position of the choana varies 
considerably, being' just inside the jaws in the amphibia and lower^ 
reptiles, farther back in the higher reptiles and the birds and mam- 
mals, the nasal, passages being cut off- from the roof of the primitive 
mouth by the ingrowth of the palatal processes of the maxillary 
bones and higher, by similar extensions of the palatines, and in some 
cases, of the pterygoids (fig. 232). 



Fig. 231. Fig. 232. 

Fig. 231.— Head of chick of s^i days, showing development of oronasal canal, 
after Keibel. c/, chorioid fissure; /, thickening for lacrimal duct; nasal pit; on^ 
oronasal groove. 

Fig. 232.— Model of mouth of Echidna embryo, after Seydel, showing method of 
ingrowth of palatal folds (p}) to cut off secondary nasal passages, ch^ primitive choanse; 
15^, egg tooth; /, opening of Jacobson’s organ. 

Incomplete closure of the oronasal groove results in the deformity known as 
* hare-lip’ externally, while 'cieft-palate’ is the result of failure of palatines, 
and sometimes of maxillaries to meet below the nasal passages. 

In the dipnoi the olfactory membrane has a few large folds on 
the: dorsal side of :'the respiratory duct formed from the oronasal tube.. 
In the amphibia the sensory surface has" a' 'similar position on the 
upper medial surface (fig. 233), with frequently a lateral pocket, 
lined wdth sensory epithelium, the beginnings of an organ of Jacobson,. 
'iB . 't^^ and outer Jacobson^s glands)*' 

occur for moistening the 'Offactory- epithelium.' ' Usuaffy,:;^ 
little complication of the olfactory, surface,: ,b in a few urodeles 
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(Plethodon) there is a projection from the lateral wall, the first indi- 
cation of the conch® which acquire such development in the higher 
groups. There is frequently a differentiation of the nasal passage in- 
to a ventral respiratory duct lined with ordinary, and a more dorsal 


Fig. 233. Fig. 234. 

Fig. 233. — Section through the nasal region of Siren, after Seydel. cn, nasal cavity, 
ig; Jacobson’s gland; Jo, organ of Jacobson; v, vomer. 

Fig. 234. — Section of nose of Chelonia cauana, after Gegenbaur. c, concha; ch, 
choana; inner olfactory groove; n, projection of naris between dotted lines. 

olfactory duct lined with sensory epithelium. In the lower urodeles 
the diverticulum representing the organ of Jacobson is on the medial 
side of the nasal cavity; a little higher it is ventral, while in the high- 
est urodeles it has rotated to the lateral side. It may be noted that 
some of the amphibia have smooth muscles to close the external nares. 

Aside from the varying position of the choanae the changes from 
amphibia to reptiles in the olfactory organs are comparatively slight. 


Fxg. 235, — Longitudinal section of nasal region of alligator, after Gegenbaur. c, 
concha; wj, maxillary sinus; naris; pseudoconcha. 

The olfactory region becomes more distinct from the respiratory tract 
and the latter shows a tendency to be differentiated into an anterior 
atrium or vestibule, a middle area connected with the olfactory region, 
and a posterior naso-pharyngeal duct between the basis cranii and 
the roof of the mouth. This latter duct varies in length accordingly 
as the choanae are anterior or posterior in position, the extreme being 
reached in the crocodiles, where by ingrowth of palatines and ptery- 
goids, the internal nares are carried back nearly to the hinder end of 
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the skull. A single conchaj supported, by bone, is developed in the 
lateral wall of the reptilian nose. It is weak in the turtles (fig.' 234), 
but is larger elsewhere, and in ' the crocodiles (fig. 235) it ' becomes 
divided in front, while a ^pseudoconch^ (its homology with the 
superior concha of birds is uncertain) is developed above and behind 
the true concha. Jacobson’s organ occurs only in the squamata, 



Fig. 236. — Sections of larval ,(Born) and adult (Schimpkewitsch) nasal organs of 
Lacerla; honQ,hla,ck. c, embryonic concha; dSj dental shelf; e, eye; g, Jacobson's glands; 

organ of Jacobson; /, lacrimal groove; w, main nasal cavity; oj^ duct of organ of 
Jacobson; jf, tooth germ. 

where it forms a simple pocket in the primitive position, ventral and 
medial to the nasal cavity, near the nasal septum (fig. 236). 

Three folds are developed on the wall of each nasal cavity in birds, 
an anterior and inferior concha vestibnli, a middle and a superior 
fold, the middle supported by the maxillo-turbinal, the superior by 
the naso-turbinal bones (fig. 237). The vestibular conch lacks ol- 



Fig. 237. — Olfactory region of hen in transverse and longitudinal section, after 
Gegenbaur. c, middle concha; c/;, choana; inferior (anterior) concha; connexion of 
air cavity of head; septum of nose; superior coneha. 

factory epithelium at all times, while it disappears from the middle 
one after hatching, leaving the upper conch as the sole seat of smell 
in the adult, which corresponds with the limited olfactory sense in 
these animals. Jacobson’s organ is never developed in the adult, 
through traces of it appear in the embryos. 
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, With' the great increase of the sense of smell in the mammals the 
nasal labyrinth undergoes a corresponding complication, and is 
farther characterized by the great length of the naso-pharyngeal duct^ 
and: by the position of the olfactory area below a part of the brain 
cavity. ■ The folds of the labyrinth may be supported by processes, 



Fig, 23S. Fig. 239. 

Fig. 238.— Model of the nasal cavity of a rabbit embryo, 13}^ mm. head length, 
after Peter, ch, choana; et, first ethmo-turbinal;i, organ of Jacobson; <?/, opening of same; 
wl, maxillo-turbinal; ni, naso-turbinal. 

Fig. 239. — Nasal cavity of Erimceus^ after Paulli, showing the foldings of the 
maxiilo-turbinals (mt) and the naso-turbinals {nt); ei, ethmo-turbinal. 


more or less complicated, of three bones or cartilages; the ethmo- 
turbinals, the naso-turbinals and the maxiilo-turbinals (fig. 238), 
the purpose of these folds being to increase the amount of sensory sur- 
face, while the skeletal supports keep the folds from touching each 
other. With diminution of the powers of smell the folds are cor- 
respondingly reduced, even to a loss of the turbina- 
tion of the bones concerned. 

The maxiilo-turbinals and naso-turbinals arise 
from the lateral wall of the nasal cavity (the 
former as a distinct turbinal bone), the ethmo- 
turbinals as outgrowths from the ethmoid bone, 
appearing first at the upper hinder part of the 
septal wall and extending to the lateral walL The 
result is that the ethmo- turbinal tends to insin- 
uate itself between the hinder ends of the other 
two (figs. 238, 239)' Each of these may be sub- through the nasal cavity 
divided, with corresponding subdivision of the 

; ■■ , ' ' Paulli, J-JF, entoturbi- ^ 

epitneiiai covering,, and in the case of the ethmo- nals; i-s, first to fifth 

turbinals the subdivisions may be of ^ ^ 

heights (fig. 240), the ecto- and entoturbinals. The naso-turbinals 

often disappear in the adult, while the epithelium of the maxiilo- 

turbinals is not sensory in character, this part of the nose being 

apparently to warm and moisten the air in its passage to the lungs. 
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The homologies of the various parts of the nasal labyrinth in 
different amnio tes are thus stated (Peter). 

I. Concha of the anterior epithelium: concha, vestibuli (birds)'. 

. II. Conchse of the primitive sensory epithelium: 

I. .Arising from the lateral wall (conchse laterales). 

■ A. Anterior: . 

(а) Primary, ventral: concha of reptiles; middle concha 
of birds; maxillo-turbinals of mammals. 

(б) Secondary, dorsal : Upper or posterior of birds ;naso- 
turbinals of mammals (? pseudoconch of crocodiles). 

B. Arising from the posterior part: conchse obtectas of mam- 
mals. 

2 . Arising from the primitively median wall: ethmo-turbinals 
of mammals, numbered from in front backward. 



Fig. 241.— Lateral wall of nasal cavity of man, after Corning, eg, crista galli; 
..ci, cm, €s, inferior, middle and superior conchse; fpn, foramen palatiniim majus; fsp, 
spLenopaiatine foramen; ic, incisive canal; opening of maxillary sinus; sf, frontal 
sinus; sphenoidal sinus., , , 

Jacobson’s organ (vomero-nasal organ) is laid down in the embryo 
of most mammals as a groove or pocket on the lower medial side of 
each nasal cavity, opening in rodents and in man near the duct of 
Stenson’s gland; in other mammals, so far as known, its duct becomes 
cut off from the nasal cavity and opens into the naso-palatal canal. 
Its medial wall is covered with sensory epithelium, supplied by a 
branch of the olfactory nerve. In the primates the organ is more or 
less degenerate in the adult. 
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, . There are .'two kinds of glands in the- nasal cavity, the smaller and scattered 
Bowman^S' glands and the larger Stenson’s gland lying in .the lateral ventral 
waE 'and opening into the vestibule. There are^iisually several sinuses in the 
bones- of the skull, connected with the nasal cavities by foramina. .Chief of 
these are the maxillaiy sinuses (antra of Highmore), the frontal and sphe- 
noidal sinuses in the corresponding bones, the relations of which are shown in 
■fig. 241. Others may occur in other bones of the face. 

Mammals are characterized by an external fleshy nose, supported 
by the nasal bones and by cartilages, developed in part from the eth- 
moid cartilage of the embryo, in part from paired cartilages, a new 
acquisition'' of the mammals. Beyond these skeletal parts is the 
fleshy portion which may form a proboscis of considerable size (swine, 
elephant shrew, elephant). ■ . . . 

In most mammals the sense of smell is well developed, but it is compara- 
tively slight in the seals, whalebone whales and in the primates, while it is com- 
pletely lost in most of the toothed whales where even the olfactory nerve may 
disappear, 

THE EYES 



The sensory part of the eyes comes from the ectoderm of the 
neural plate, and in several embryos the regions which are thus des- 
tined may be recognized on its dorsal 
surface before it is infolded to form the 
vesicles of the brain (fig, 157, ^). The 
accessory parts of the eye are derived 
in part from the general ectoderm, in 
part from mesoderm of both kinds. 

As the neural plate closes up to form 
the brain (p. 12) , the optic areas begin 
to grow outward from the fore-brain 
toward the sides of the head, each form- 
ing at first a hollow outgrowth, the dptic 
vesicle, connected with the brain by a 
hollow.. optiG ' stalk. ' . 'The next phase is ' 
the involution or invaginatioii of the 
distal side of' the .vesicle so that 'it ispon- : ' 
verted into a double-walled optic cup 
(fig. 242). There thus results a differentiation of parts in the optic 
outgrowth and a partial obliteration of the cavity of the vesicle. 
The distal wall, which forms the inside of the cup is called the retinal 
^ layer; the outer wall the pigment layer, in anticipation of their de- 
velopment into the corresponding parts of the adult. 


Fig. 242 '. — Stereogram of de- 
veloping eye. cf, chorioid fissure; 

cut wall of fore-brain; /, aniage 
of lens; optic cup; cs, optic 
stalk; layer for pigmented epi- 
thelium; f, retinal layer. 


■ The involution of the retina is not easily described; but inay be 
understood from.' fig. 242. It occurs on the lower distal .side so that 
the cup is not complete; but is interrupted by a deep notch; the clio- 
rioid fissure^ below, and this is extended as a groove on the' ventral 



Fig, 243. — Sections of successive stages m,tlie development of the lens of the eye from 
the first thickening of the ectoderm (ec) to the complete separation of the lens, I, 

side of the optic stalk. Later the fissure closes (fig. 231), but not 
until some of the changes described below have occurred. 


Opposite the distal part of each optic vesicle the ectoderm of the 
^^e of the head thickens, then becomes invaginated (fig. 243), the 
mouth of the invagination closes, and the hollow ball thus formed is 



Fig. 244. — Mammalian retina; above the general appearance, below the diagram- 
matic relations; the lens toward the left, c, cone; cc, cone cell; g, ganglion cells; ig. 
inner granular layer; im, inner molecular layer; m, basal membrane; nf, nerve fibres; 
og, outer granular layer; om, outer molecular layer; r, rod; rc, rod cell. 

cut off from the rest of the ectoderm and sinks into the mouth of the 
optic cup; where it forms the lens of the eye. From the first the cells 
. of the two sides of the lens differ in size, those of the outer wall being 
cubical, those of the other being elongate, while the cavity is a narrow 
cleft. Later the cavity is obliterated, while the lens is increased in 
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size by the addition of new cells, like the coats of an onion, by bud- 
ding from the equatorial zone of the lens. 

The adult Retina (fig. 244) consists of several layers which con- 
stitute the ganglion and the sensory cells, the latter being in the 
outer surface, i.e., that which is turned away from the lens. Each 
sensory cell bears on its outer end the percipient structure, rod or 
cone, which has given these the name of rod (fig. 210, B) and cone 
cells. These rods and cones project through the basal membrane 
which encloses the retina, into the pigment layer shortly to be de- 
scribed. The bodies of the cells with their nuclei are inside the 
basal membrane where they form the so-called outer granular 
(nuclear) layer, separated by an outer ‘molecular’ (reticular) layer 
of interlacing dendrites from the inner granular layer. This is 
ganglionic in character and is connected by the inner molecular 
layer with the rest of the ganglionic layer which lines the inside of 
the retinal cup. 

In order to understand the latter layer and the relations of the 
optic nerve, an account of the development is necessary. At first the 
retinal layer is comparatively thin, but it increases in thickness, in part 
by a multiplication of cells, in part by their increase in length and the 
development of the dendrites of the molecular layers. Each cell of 
the inner layer (the one turned toward the lens) also develops an axon 
which runs over the free surface of the cells to the chorioid fissure, 
passes through this and along the ventral groove of the optic stalk to 
the diencephalon. 

As will readily be understood, it is these fibres and not the optic 
stalk which form the optic nerve (p. 192). When the chorioid fis- 
sure closes, the nerve appears to leave through the centre of the 
retina, and as this part contains no sense cells, the point of exit 
constitutes the ‘blind spot’ of physiological works. Besides the 
cells already mentioned the retina contains supporting or radial 
cells, Mke other sense organs or like the brain itself (neuroglia). 
These extend through from the nerve fibres to the basal membrane. 
Either rods or cones may be absent in isolated groups of vertebrates. 
Usually there is a spot, the nacula lutea (yellow spot) or fovea 
centralis at the centre of the retina where vision is most distinct. 
Here the rod and cone cells are shorter and more crowded than 
elsewhere. 

Here may be mentioned a point of morphological importance. It will be 
recalled (p. 150) that the ependymal surface of the brain corresponds to the 
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exteriiai surface of the' ectoderm of the rest of the body. Therefore, .as a glance 
at fig. 242 will show, the rods and cones are on the primitively outer and' the, 
ganglion cells and nerve fibres are on the deeper surface of the ectoderm. ■ Hence' 
rods and cones correspond to the percipient cuticular structures of other sensory 
organs like the lateral line, taste buds and the like. Before it can affect the 
sensory cells theiight has to traverse the whole of the retina and then the nerv- 
ous impulses have to pass back through the same layers to reach the optic nerve. 
This constitutes an ^inverted eye’ which, with the exception of a few molluscs 
and the median eyes of spiders, is unknown, except in the vertebrates. A com- 
parison with the parietal eye of reptiles (fig. 170) is very instructive. 

The space between lens and retina (this is not the pos- 
terior chamber, see p. 237) is filled with a semisolid vitreous 
body^ the origin of which is in dispute. In mammals blood-ves- 
sels and mesenchymatous cells enter the optic cup through the 
chorioid fissure before its closure. Some suppose that the vitreous 



Fig. 245.— Diagrammatic section of half a mammalian eye. ac, anterior chamber; 
ca, ciliary arteries; c, eyelash (cilium); cj, conjunctiva; co^ cornea; cp, ciliary process; cn^ 
central retinal artery and vein; a, conjunctival sac; c/, chorioid tunic; dura of optic 
nerve; iris; any optic nerve; os, ora serrata; p, posterior chamber; pe, pigmented epi- 
thelium; f, retina; sc, sclera; tg, tarsal gland; w, vorticose vein; zz, zonula zinii. 

body arises from a modification of these cells, some regard it as an 
exudate from the blood-vessels, and others think it a retinal secretion. 
The fact that the blood-vessels mentioned do not occur in birds is of 
interest in this connexion. In mammals, when the chorioid fissure 
closes, the vessels appear to enter through the centre of the optic 
nerve' (central retinal art^ and: vein— fig. '245). ■ In the early: 
stages the retinal artery divides inside the cup, one branch (hyaloid 
artery) going through the vitreous body to the neighborhood of the 
lens, the other being distributed over the inner surface of the retina. 
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Later, the hyaloid artery disappears, while retinal arteries are rare 
except in mammals. 

The outer wall of the optic cup forms the pigmented epithelitan 
of the eye, developing a large amount of black pigment^ which 
eventually surrounds and isolates the rods and cones, so that each can 
be affected only by the light which falls directly upon it. As will 
readily be understood the side of the pigment layer away from the 
retina corresponds to the deeper surface of the skin and so comes into 
relation with the connective tissue. From this mesenchymatous 
part are developed the envelopes of the eye — tunica vasculosa, sclera, 
etc. 

Surrounding the retina and pigmented epithehum and extending 
forward over the lateral parts of the lens is the tunica vasculosa, in 
which two parts are recognized, the iris and the chorioid. The 
whole is richly vascular, and the chorioid, supplied by the ciliary 
arteries which enter at the side, is the chief source of nourishment 
for the rod and cone cells. To the vascular part certain other por- 
tions are added in some groups. Thus just outside the blood-vessels 
there may be a large lymph space, and outside of this, in most fishes 
and some amphibia and turtles, there is an argenteal layer containing 
calcic crystals which give the layer a whitish appearance. On the 
other hand, the side toward the retina frequently develops a some- 
what similar tapetum lucidtun, with a metallic lustre, which reflects 
light strongly and is the cause of the apparent shining at night of the 
eyes of many selachians and some other fishes and carnivore mam- 
mals. In a few teleostomes (those with a pseudobranch) there is a 
so-called chorioid gland just outside the vascular layer, near the en- 
trance of the optic nerve. It partakes of the nature of a rete mirabile. 

The chorioid extends as far forward as does the retina; then its 
anterior edge is produced into a circular ciliary process, which is best 
developed in the amniotes, though appearing here and there in the 
ichthyopsida. This process is muscular (ciliary muscles) at its base 
and is connected at its margin with the delicate capsule surrounding 
the lens by a double fenestrated membrane, the zonula ciliaris (Zin- 
nii). By the action of the muscles the lens is moved toward or away 
from the retina, while variations in tension may slightly alter its 
shape, thus changing its focal point (accommodation of the eye). 

1 The visual purple seen in the retina which, has been kept in the dark and which 
rapidly bleaches when exposed to Hght, is supposed to be concerned with the nutrition 
of the retinal cells. 



' Beyond the ciliary process the vascular, tunic continues in front, 
of the lens as the iriSj' a „circular curtain with a central opening, the 
pupil. Pigment in the posterior layer (uvea) of the iris renders , it 
opaque and causes what is termed the color of the eye, while in many, 
fishes the outer surface is silvery owing to. the continuation of the argen- 
■ tea into this region. , The rest of the iris is' muscular, the muscles, 
increasing in extent from the lower to the higher forms. They are ar- 
' Tanged in two groups. The circular muscles' (sphincter ptipiilae)^ by 
their contraction, diminish the size of the pupil; the radial (dilator 
pupillse) are antagonistic and effect an enlargement of the opening in 
the iris. In the sauropsida these iridial muscles are cross banded, in 
amphibia and mammals of the smooth variety, a matter of physi- 
ological rather than morphological importance. 

Surrounding all of the structures of the eye so far described is the 
sense capsule, which differs from all other sense capsules (p. 70) in 
not being connected with the rest of the skull, as a result of its neces- 
sity for movement. In the capsule two parts are distinguished, the 
sclera which covers the proximal side of the eye, and the cornea, 
perfectly transparent, through which light passes to reach the lens. 
The cornea, covered externally by the conjunctiva (the modified 
epidermis of the front of the eye), .consists of connective tissue; the 
sclera is usually white. In most of the lower vertebrates and in the 
monoj;remes it is partly or wholly cartilaginous, but in other mam- 
mals, and in the lampreys it consists of fibrous tissue. In the stego- 
cephals and in many reptiles and birds portions of the sclera ossify as 
a ring of sclerotic bones (figs. 7 7, 105). 

Sclerotic bones are lacking in snakes, plesiosaurs and crocodiles. In the 
sturgeon and many teleosts two or more dermal bones develop upou the sclera, 
but neither these nor the calcifications to be found in some sharks and teleosts 
are to be confused with true sclerotics. 

BetW'een cornea and lens is a cavity which is partially divided by 
iris into anterior and posterior chambers which 'connect with, each ■ 
other through the pupil. These are filled witb^a refracting fluid, the 
■^.aipecms .humor.' ■ ■ , ,;^trai&-',"„' 

The parts so far described form the eye-bt in A'bus oculi) wHch 
is more or less freely movable in its socket in the of the head. It 
is moved by the six muscles (p. 139) which are' i instantly present. 
Others may occur here and there. • Thus in the amphibia a distinct 
muscle (retractor bulbi) is developed from' the external rectus to pull 
the ball back into the socket, while portions of the jaw muscles may 
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be set apart as elevators and depressors of the ball. In the elasmo- 
branchs a cartilaginous rod, the optic pedicle^ extends from the ball 
to the skull. This is replaced in the teleosts by a fibrous band, the 
tenaciiluiiij but its equivalent is not found in the higher groups. 

' Among the accessory parts of the eye are the lidSy of which there 
; may , be three,, the upper and the lower lids so familiar in the higher 
vertebrates and the third lid, the mctitatingmeinbraiiey a transparent 
sheet which may be drawn horizontally across the front of the cornea 
from the inner (anterior) angle of the eye or from beneath the lower lid. 
All three lids are folds of the skin. The upper and lower are poorly 
developed in the ichthyopsida, but appear in the amniotes. They 
are lined on the side next the eye by a continuation of the conjunc- 
tiva, which continues beyond the edge of the lid as the epidermis. 
The nictitating membrane appears in some sharks, again in the am- 
phibia, and^receives its highest development in the sauropsida, while 
in the mammals it is reduced to a rudimentary fold, the plica semi- 
limaris, at the inner angle of the eye. 

There are no glands connected with the eyes in cyclostomes or 
fishes, but in the urodeles a series of glands is developed from the con- 
junctival lining of the lower lid. In the amphibia they show little 
differentiation, but in all sauropsida (glands are lacking from a few 
reptiles — crocodile tears are non-existent) they become divided into 
two groups. One becomes aggregated near the inner angle and forms 
what is known as Harder’s gland (glandula membrana nictitans) ; 
the other migrate toward the outer angle of the eye and constitute the 
true lacrimal or tear gland» In the mammals the migration continues 
until the gland comes to lie beneath the upper lid, where it shows its 
multiple nature by the numbers of ducts by which it pours its secre- 
tions into the conjunctival sac. In most mammals Harder’s gland 
degenerates. The tears secreted by the glands pass over the conjunc- 
tiva and are collected at the inner angle of the eye, where they are 
drained by the lacrimal duct into the cavity of the nose. This duct 
is formed as a thic^mng of the epidermis which later becomes per- 
forated. It foll<?^ble f§ course of an earlier groove (fig. 231) leading 
from the orbit t^ion,e nasal invagination and which was formerly 
thought to form tJe duct. 

Tlie eyes of the cyclostomes are degenerate. In the larval (Ammoccetes) 
stage olFetromyzon the eye is buried under a thick skin, but this thins out in the 
adult. In the myxinoids the lens and eye muscles are lacking, aod iris, cornea 
and sclera are not differentiated. 
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Fishes have eyes with a very flatteaed cornea,, a spherical lens and very long- 
retinal rods. A peculiar feature in many fishes is the faiclform procesSj a vas- 
cular and muscular structure which enters the retinal cup through the chorioid 
fissure and extends to the lens where it bears an expansion, the campaniiia 
Halleri The whole is supposed to act as a means of accommodation, there 
being no ciliary muscles. In most fishes the eyes are so placed on the' sides of 
the head that there must be monocular vision. In the flat fishes (Heterosomata) ' 
one of the eyes migrates during development, so that both eyes come to lie on 
one side of the head. 

Most sauropsida are characterized by the development of a process from the 
inner retinal surface which reaches its extreme in the pecten of the birds. In the 
reptiles it is a small conical process arising 
from the point of entrance of the optic nerve, 
but in the birds this expands distally into a 

quadrangular plate, folded like a fan, to which % 

various functions have been ascribed. It \ 

has recently been shown to be rich in sense /j A \ 

cells. The shape of the eye of the bird is ( / ^ 

peculiar, but is not easily described. It usu- 1 p p 

ally consists of a hemispherical posterior part, 1 M 

followed by a conical portion, and this is sur- \ \ '^j// 

mounted by a hemispherical corneal region, # 

the whole being somewhat telescopic in shape. ^ 

The whole is very large in proportion to the 

size of the animal (fig. 246). Fig. 246 .•—-Diagram of eye of 

The pecten is said to be outlined in an owl (Frariz). r, ciliary body; 

the foetal stages of some mammals The ciliary muscle; iris; J, lens; 
me loetai stages 01 some mammais. optic nerve; p, pecten; r, TetmsL; s, 

pupil of the mammals is not always circu- sclerotic bones, 
lar, but is a vertical slit in the cats, a hori- 
zontal opening in the whales, many ungulates, etc. During development 
the lids fuse for a time, separating in some cases, only after birth. The edges of 
the lids are fringed with short hairs, the eye-lashes or cilia, and internal to these 
are the ducts of sebaceous glands (tarsal or Meiobomian glands), the glands them- 
selves being in the substance of the lids. The whales have an enormously thick 
sclera which, here as elsewhere, appears as a continuation of the dural sheath of 
the optic nerve. In the ungulates there is a retractor muscle of the ball and in 
most mammais the superior oblique muscle of the eye passes through a loop 
(trochlea) before it is attached to the ball. The eyes are greatly reduced in some 
mammals, especially the moles (Talpa)f the blind mole-rat reaching 

the extreme in the blind marsupial, Notorycies of Australia. In the moles the 
reduction ma}?* consist only in a fusion of the lids, while in Noioryctes, there is no 
lens and no difierentiation of sclera, cornea and chorioid, and the retina lacks rods 
;',and,''Cones.v-,.' 

.-the, digestive, organs, 

Fewr articles of food, as they come to a vertebrate, are in shape to 
be taken immediately into the organism and to be used, wdthout modi- 
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fication, as a source of energy or as material for the construction of 
new tissue or the repair of old. They have 
to be altered so that they are soluble and so 
able to pass by osmosis into the blood-vessels 
(proteids, carbohydrates), or they must be 
broken up (fats and oils) so as to be taken 
up by the absorptive vessels (lacteals) of the 
lymphatic system. These changes in the 
food, which are the result of the action of 
the secretions of the digestive glands, con- 
stitute the process of digestion. The diges- 
tive tract or alimentary canal, where these 
changes take place, also has to provide for 
the passage of the digested food into the 
blood-vessels, to be carried by them to all 
parts of the body. It is, therefore, richly 
supplied with blood- and lymph-vessels. 

The alimentary canal, which is complete 
has both mouth and vent), is largely 
entodermal in origin, but small portions at 
either end are derived from the ectoderm. 
The entodermal portion, the mesenteron, 
consists of the wall of the archenteron (p. lo) 
after the separation of the notochord, the 
mesothelium, and a few less prominent 
structures. The ectodermal parts are a 
stomodeum at the cephalic end and a 
proctodeum behind. 

In the early stages of all vertebrates the 

mouth is lacking, the cephalic end of the 

Fig. 247.— Reconstruc- archenteron abutting directly against the 

tion of alimentary canal of ectoderm of the Ventral side of the head, 
numan embryo, after His. , , 

ai, allantois stalk; cl, cloaca; SO that an Oral (pharyngeal) plate is formed, 

y!r/Jnungf«?«J,'man^ consisting of both ectoderm and entoderm. 

dibular and maxillary arches; Next this plate is pushed inward, either as a 

Basal pit: o, omphalomes- ^ 'i 1. /n r\ tit 

enteric^vem; stomach; 0, pocket (tig. 220) or as a solid plug^ carrying 

stai'^^i^^Wdffian^body*'*”^ entoderm before it. This ingrowth con- 
stitutes the stomodeum, and the site of its 
ingrowth forms the mouth opening of the adult. Later the oral 
plate breaks through, placing the stomodeum and mesenteron in 
communication. 
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In the majority' of vertebrates the' blastopore' closes behind, so 
that the amis is a new formation, although it arises in the line of 
closure. In the amnio tes this opening is preceded by the formation 
of a pocket, the proctodeum, similar to the stomodeum, and opening^ 
later ■ into the mesenteron in' the same way. In the adult it is 
impossible to find any sharp lines 'separating the three regions, 
stomodeum, mesenteron and protodeum. 

The protodeum lies wholly behind the entrance of the urogenital ducts into 
the cloaca. The ectoderm of the stomodeum extends inward as far as the 
posterior teeth, following the outline of the jaws. On the dorsal side of the 
oral cavity two pits persist for some time, the limits of ectoderm and ento- 
derm passing between them. The posterior of these, SeesseFs pocket, is 
of unknown significance. The other, Rathke^s pocket (fig. 301), lies just in 
front of the oral plate. It marks the point of invagination of the hypophysis 
(p» 164) and remains open for a time as the hypophysial duct (fig. 166). 

In some teieosts, where the stomodeai ingrowth is slight, the mouth 
appears at first as a pair of perforations in the oral plate, these later coalesc- 
ing to form the permanent mouth. This condition lends plausibility to the 
view that the vertebrate mouth has arisen from the coalescence of a pair 
of gill clefts. 

Except in the higher mammals the entodermal part of the ali- 
mentary canal contains a large amount of food yolk in the early stages. 
In the sauropsida this is so abundant that the whole cannot be con- 
tained in the body walls, and hence it causes the ventral side of the 
canal to protrude as a yolk-sac (fig. 349), which is gradually 
absorbed with the digestion and removal of the yolk by the blood- 
vessels. 

The first differentiation in the mesenteron is the development of a 
ventral diverticulum, the anlage of the liver, which arises just caudal 
to the head. This divides the alimentary canal into pre- and post- 
hepatic portions (fig. 248). ■ From The. anterior of these is formed 
part of the cavity of the 'mouth with the salivary glands, the pharynx, 
lungs, ossophagus, stomach, and duodenum; the posthepatic portion 
gives rise to large and small intestines, rectum and cloaca, as well as- 
to the urinary bladder. Of these parts 'the pharynx, lungs, and air- ' 
bladder will be considered in' connexion ■ with the respiratory organs, 
the urinary ' bladder with the urogemtai ■ system. Mouth and 
pharynx belong primitively to the head, but by unequal growth the 
pharynx may be carried apparently to some distance behind the 
brain and other characteristically cephalic structures. 
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In tlie following account stress is laid upon tbe epithelial lining 
(entoderin) s the characteristic tissue of the digestive tractj but it must 
not be forgotten that the wall contains other tissues of mesenchyma- 
tons origin. , That part of the canal which runs through the body 
cavity has the following layers. ■ The lining ^ epithehum is supported 
by a layer of connective tissue, containing the capillary absorptive 
vessels; outside of this are two layers of smooth (involuntary) mus-' 
cles, the inner with the fibres running in a circular, the other in a 



Fig, 248.— Diagrams of the alimentary canal in embryos of 6 and 8 days of Gym- 
narchus mloticusj after Assbeton, ab, air bladder; 6, early diverticulum for air bladder; 
gb, gall bladder; liver; pancreas; posterior part of air bladder; pc^ pyloric 
cseca; ph, pharynx; s; stomach. 

longitudinal direction. By the action of these antagonistic muscles 
the peristalsis or movement of the digestive tract is effected, by which 
the food imdergoing digestion is churned and thoroughly mixed with 
the digestive fluids, and all parts of it are brought into contact with 
the absorbtive surfaces. The outer surface of stomach, intestine 
and associated glands is covered with the serous coat, the lining of 
the peritoneal cavity, but this is lacking from those parts (pharynx, 
oesophagus, etc.) which are outside the region of the coelom. 

THE ORAL CAVITY 

The cavity of the mouth is limited anteriorly by the line of the 
stomodeal involution and extends back to the p&rynx. It is lined 
in part by ectoderm, in part by entoderm, the line between the two, 
as stated above, not being recognizable in the adult. In the amphi- 
bia the lining is ciliated, the cilia extending back to the stomach. In 
the cyclostomes the oral cavity is funnel-shaped, with a circular or 
quadrangular opening supported by a cartilaginous ring and has the 
name of oral hood. It is permanently open, there being no jaws 
capable of closure (see skeleton, p. 83), thus furnishing a marked con- 
trast to all other vertebrates in which there are jaws and which are 
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■consequently known , as gna'Aostomes. (Development gives little 
support to the view that the cyclostome tongue is the homologue of 
the lower jaw of the gnathostomes.) ■ 

In development the vertebrate mouth arises on the ventral side of ' 
the, headj.^ some distance from the anterior end of the' body. THs y/ ;; 
"position is retained throughout life in most elasnlobranchs and in^ the ; 
sturgeons; but elsewhere, by the development of the bony upper jaw 
in front of the pterygoquadrate (p. 78) and the concomitant exten- 
sion of MeckeFs cartilage, the mouth opening is gradual^ transferred 
to the anterior end and becomes terminal. 

In most lower gnathostomes (the holocephali and other isolated 
forms are exceptions) the mouth opening is bounded by folds of epithe- 
lium which meet when the mouth is closed. Usually these folds are 
soft and are supported below by connective tissue, but in birds, tur- 
tles and monotremes they are cornified. It is only in the mammals 
that true lips occur. These are fleshy folds around the mouth and 
their development in this group is correlated with the presence of the 
dermal facial muscles (p. 145), by which they are moved. With the 
development of lips there is formed a space between lips and teeth, 
the vestibule of the mouth, which sometimes (e.g., some rodents) 
forms cheek pouches, lined with hair, of considerable size. 

Teeth 

The primitive function of the teeth was apparently ..to. hold the 
prey taken into the mouth and this is their sole use in many forms. 

In other species they have become efiicient organs for the comminu- 
tioii of food, either by cutting or by crushing it. 

There are t wo ty pes of teeth, much alike in function , but differing 
markedly in structure and development and without genetic re lation - 
s hip s. The typical vertebrate teeth are co mpara ble to placoW scal^; 
they arise as a calcareous secretion at the junction of ectoderm and 
•"mesenchyme and are a product of both layers . ''The other type con- ;; ; ' 
tains purely cuticular teeth, formed by a^ corniflcation of • the epit he-/^; 
Mum a nd have their analogues in many invertebrate s.' 

Title Teeth»”The ability to form' scales ischaracteristic of the skin ;■ 
of many vertebrates. The primitive typte of these scales 'is;^ 
placoid (p. 44), consisting of a basal portion of dentine capped with 
'enamel and the apex projecting thrphgh the integument as a spine. 
When invaginated to form the^^tomodeum, the skin retains this 
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capacity of forming hard structures and hence any portion of the 
stomodeal walls may secrete scale-like plates. In fact, in the teeth of 
some elasmobranchs (i?aiG, Mustelus^ Trygon, etc.) the placoid scale 
can be recognized with scarcely a modihcation. In the ichtliyopsida 
teeth may form anywhere In the oral cavity where there are skeletal 
parts— cartilage or bonC' — to support them. Thus they may occur,' 
not only on the'-margins of -the 'jaws, but on vomers, palatines and 
parasphenoid, and in some teleosts on the tongue, where they are 
attached to the hyoid. In the amniotes (some squamata excepted) 
teeth occur only on the margins of the jaws. Teeth are lacking, here 



Fig. 249. — Section of developing tooth germ of Amhlystonia, e, epidernUs; eo^ enamel 

organ; m, Malpighian layer; jne, mesenchyme; dental papilla (pnlp) of tooth. 

and there, in various families of vertebrates as well as from all turtles 
and living birds, but some extinct birds had teeth. In the embryos 
of both chelonians and aves the dental ridge is formed {vide infra), 
an indication of their descent from toothed ancestors, but it soon com- 
pletely disappears..; 

In the development of a tooth, as of a piacoid scale, there is first 
a tliickenmg of the ectoderm, the basal layer of which pushes into the 
corium, and at the same time the mesenchyme cells of the latter layer 
multiply beneath the centre of the ectodermal ingrowth, pushing it 
outward, so that the basal layer forms a cup with the opening toward 
the deeper tissues (fig. 249). The mesenchyme within the cup forms 
the dental papilla^ while th^,^ ectoderm, cells lining the cup form the 
enasnei organ* With fartheiK.^ development the outer cells of the 
papilla are converted into odoiitbl)lasts, Bo-called fro-p their 'function 

6 i for^ng; a bone-like substance, ^pden^e-^fiYory of the tooth. 
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This, in accordance with the method of its formation by secretion 
from the ends of the odontoblasts, has a prismatic structure (fig. 
252). The basal surface of the enamel organ secretes a denser sub- 
stance, the enamel, which lies Kke a cap, firmly united to the top and 
sides of the dentine. By continued additions to the deeper portions 
-of the dentine the tooth is gradually forced up through the epithelium 
so that its tip or crown comes into position for use (eruption of the 
tooth). 

In the lower vertebrates there may be a separate invagination of the ectoderm 
for each tooth, but in the mammals there is a continuous ingrowth, the dental 
ridge (fig. 250) along the margin of the jaw. Later this becomes differentiated 
into separate enamel organs and dental papillae, the separate teeth developing 
much as in other groups. From the posterior side of this dental ridge there 



Fig. 250. — Model of ectodermal parts of jaw of human embryo 40 mm. long, after Rdse, 
showing the dental ridge with the germs of the teeth. 

arises a continuous projection, the dental shelf (fig. 251) which later gives rise 
to the enamel organs for the second or permanent dentition (infra). 

The dental papilla persists throughout life as the pulp of the tooth, 
continuing to occupy the space (pulp cavity) in which it first appeared. 
Nerves (branches of the trigeminal) and blood-vessels enter the 
cavity through the base of the tooth. Usually, when the tooth is 
fully formed, the odontoblasts cease to act, but exceptionally, even in 
mammals (tusks of elephants, incisors of rodents) they function 
through life and the tooth continues to grow. In the mammals an ad- 
ditional layer of modified bone, the cefhent, is formed around the 
root of the tooth and may extend on to the crown. 

just as the scales are arranged in quincunx on the surface of the 
body, so are the teeth in the mouths of skates and some other elasmo- 
branchs, where they form a tessellated pavement above and below, 
the teeth being flattened and used for crushing the molluscs on which 
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these animals feed. More commonly the teeth are flattened in the 
antero-posterior direction and have sharp cutting edges. In such 
cases j as a rule^ only the anterior row of teeth is functional, the others 



Fig. 251. Fig, 252. 


Fig. 251. — Diagram of germs of milk and permanent dentitions in a mammal, 
based on Rose. basal layer of e, ectoderm; dr, dental ridge; ds, dental sbelf; eo, 
enamel organ of milk tooth; m, mesenchyme; p, pulp of milk tooth; pg, germ of per- 
manent tooth. 

Fig. 252. — Diagrammatic section of incisor tooth, c, cement; d, dentine; e, enamel; 
p,^ pulp cavity. 

lying folded down behind, ready to come into use when one of the 
first row is lost. 

Most vertebrates have a succession of teeth (polyphyodont denti- 
tion) and the elasmobranchs (fig. 253) show how this has come about. 



Fig. 253. — Developing teeth of Acanlhias. e, ingrowth of ectoderm of lower jaw; 
eo, enamel organ; m, Meckel’s cartilage; p, pulp cl t, tooth. 

The second arises on the (morphologically) posterior side of the first 
and so on. In the non-mammalian classes the number of such den- 
titions is indefinite (polyphyodont), but in the great majority of mam- 
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mals there are two, the first or milk dentition- and the second or per- 
manent dentition (diphyodont condition). 

In a few mammals only one dentition ' has been retained (monophyodont) ; 
among these may be mentioned the monotremes, sirenians and cetacea. In the 
marsupial Myrmecobius^ where the permanent dentition is greatly reduced^ and, 
in some of the insectivores and rodents, a prelacteal dentition has been observed 
ill the embryo, while Rose has described traces of a prelacteal and a post-per- 
manent dentition in man. In a number of mammals (guinea pigs, many bats,^ 
etc.) the milk dentition is lost before birth. 

Only a few fishes (adult Acipenser, Coregonus, etc.) lack teethy 
while in most they extend to the lining bones of the mouth and in 



Fig. 254. — Jaws of a six month lion, after Weber. Milk teeth white, permanent 
dotted, i, incisors; c, canines; w, molars; premoiars. 

some to the hyoid and branchial arches (pharyngeal bones). Usually 
they are conical, but they may be flattened and pavementdike or 
even form large , plates, apparently by the coalescence of numbers of 
primitive teeth (dipnoi). In the amphibians the ■ teeth' are not so 
widely distributed in the mouth, occurring on the margins of the Jaws, 
and on the palatines and vomers, rarely on the .parasphenoid, while 
they are entirely lacking in and ■■ 

Among the reptiles the turtles and some of the pterodactyls are 
toothless; most of the others have the teeth confined to the margin of' 
the Jaws, though they occur on the palatines and pterygoids in the 
snakes and lizards,,^ and rarely (Sphenodon) on the vomer.' While the 
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conical., shape prevails.^ the teeth present a great variety ; of forinj^.j 
some of' the theriomorphs closely simulating the mammals in the.ir 
heterodont dentition. The teeth may be anchylosed to the sumniit 
of the jaws (acrodont); applied to their inner ^ side (pleurodoiitj fig. 
108 j .ci) ; or have .their roots, implanted in grooves or sockets or alve:„oli 
(thecodont),. ■ ■ Mention must also be made of the poison fangs df cer- 
tain; serpents. These are specialized teeth borne on the maxillary 
bones .and, are either permanently erect (proteroglypha) or the bone 



Fig. 255.—- Poison gland and fang of rattlesnake,^ Crotaliis horridus (Princeton, 1404). 
poison gland; I, labial glands. 



may turn, as on a pivot, so that when the mouth is closed the teeth lie 
along the roof of the mouth, but when it is opened, they are brought 
into position for striking the prey (vipers, rattlesnakes— soleno- 
glypha) . Correlated with the fixed or movable condition is a modi- 
fication in the teeth themselves. In the proteroglypha a groove runs 

along the anterior side of the fang by 
which the poison is conducted from the 
poison gland into the wound. In the 
solenoglypha the groove is rolled into a 
tube with openings near the base and 
apex of the tooth (figs. 255, 256). In 
these solenoglyphous snakes only a pair 
gi'oove or duct; pc, pulp Qf fangs are functional at a time, but 
there are reserve teeth which can come 
into use on the loss of the first. 

The great variation is found in the teeth of mammals, the lietero- 
dont dentition being the rule. Four kinds of teeth are recognized. 
These are the incisors in the premaxillary bones, followed by a 
single canine at the anterior end of' each maxillary bone. This 
resembles the incisor? and differs from the' other maxillary teeth in 
its conical shape and single ^ root. ^ Behind the canines come the 


Fig. 256. — Diagrams of sec- 
tions of (A) proteroglyphic and 
{B) soienogiypMc teeth, pd, 
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pretnolars (the bicuspids of the dentists) which have two roots and 
complicated crowns and appear in both milk and permanent denti- 
tions. Lastly are the molars, like the premolars in form, with several 
roots, but appearing only in the permanent dentition. The corre- 
sponding teeth in the lower jaw have the same names. 

In a few mammals, like the whales, all of the teeth are of ' a simple conical 
shape, but in the majority the crown of the molars is marked by projections— 
cones, tubercles, crests, etc.— which are variously arranged. When the teeth 
are adapted for cutting they are caked secodont (cats, fig. 254); for crushing, 
bunodont (man); when marked by transverse ridges, lophodont (elephants) 
when there are longitudinal crests, more or less crescentic in outline, they are 
selenodont (horse, fig. 257, E). 

In the triconodont tooth there are three prominences in the crown arranged in 
a straight line, parallel to the axis of the jaw. The middle and more prominent 
of these in the upper jaw is the protocone, with a smaller paracone in front and 



Fig. 257.- — A, triconodont tooth of Dromatherium; B, tritubercular tooth of Spalaco- 
therium; C, interlocking of upper (dark) and lower (light) tritubercular molar teeth 
(after Osborn); E, molar of Erinacem; E, of horse (selenodont type); c, cingulum; wz, 
metacone (metaconid); pa^ paracone (paraconid); pr, protocone (protoconid) ; talon 


a metacone behind. In the lower jaw the corresponding terms are proto-, para-, 
and metaconid. In a tritubercular tooth the three cones are arranged in a 
triangle, in such a way that they alternate in the two jaws, the protocone being 
oh the inner side, the protoconid on the outer. Tritubercular teeth may have a 
lower projection (talon) on the hinder side. When this develops into a promi- 
nent tubercle (hypocoiie, hypoconid) the tooth becomes quadritubercular. Then 
crests or lophs may develop, connecting the cones, so that the crown becomes 
ridged rather than tubercular; 

In the homodont. dentition the number of teeth may be very large, varying 
from ICO to 200. With the heterodont dentition the number is smaller, the full 
dentition in the placental mammals including 44 teeth. From this number re- 
ductions, may occur by the loss of teeth of any kind. The number of teeth and 
of those' of each kind is important in . systematic work, and a dental formula has 
been devised to express this. : As the number' of teeth in the two sides of each 
jaw is the same, only one side is represented in the formula, while the teeth of 
the upper and, lower ' jaws/arej as fractions. The number of incisors, 

canines, premolais and molars of man, are' represented 'by'; v 
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■ pm-^. mf; that of the opossum by pnA nA 

Not infrequently the enamel is lacking from the teeth of mammals, as in 
whales, dugongs and- edentates, or it may be restricted to one side of a tooth, as in 



Fig. 25S, — Diagram of the relation of the human teeth to the primitive dentition, 

after Rose. 

the incisors of rodents. Sexual differentiations occasionally occur in mammals, 
certain teeth (usually canines or incisors, more rarely premolars) being better 
developed in the males than in the females of the same species. 



^ Fig. ^259.— Epidermal tooth (black) of lamprey, after Warren, c, corium; 
epidermis; Malpighian layer; papilla of coiium in epidermis; r, replacement tooth 
developing. 

There are two views as to the way in which the complicated molars of the 
mammals have arisen. Both start with the conical tooth as the primitive condi- 
tion. One theory is that the fusion of such simple teeth is sufficient to account 
for the multiplication of roots and tubercles in ail of their var^g;^ ferns (figs. 
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258, 260). Tlie other hypothesis is that parts have been developed on the primi- 
tive cone^ :givingj first, the triconodont shape. Next these three .cones have, been 
shifted to the tritubercular position (fig. 257, and later other, parts — 

hypocone, lophs, etc. — have been added and these have been modified in different 
directions. Each view has much in its favor. . Embryology is not at all decisive, 
while paieontoiogy favors the latter- view. In Dugong there is a fusion- of enamel, 
organs for the molar teeth, ' 


Epidermal Teeth occur in cyclostomes, in larval amphibia and in 
embryonic mono tr ernes. , In the cyclostomes they are cones of corni- 
fied epithelium covering an underlying core of the integument (fig. 
259); they are differently arranged in the lampreys and myxinoids. 
In the latter they are few, there being a single tooth on the ^palate’ 



and two chevron-shaped rows on the tongue. In the 
lampreys nearly the whole inner surface of the oral 
hood is lined with these teeth of varying shape, and 
there are a varying number upon the tongue. These 
teeth are used as a means of fastening the animals to 



Fig. 260. 


Fig. 261. 


Fig. 260. — Teeth of Chamy do setae hus (after Rose), showing a triconodont tooth 
arising from the fusion of three simple teeth. 

Fig. 261. — Diagram of development of teeth in Omit horhynhtis j a.iteT Th.oma,s and 
Poulton. tooth covered with enamel organ, beneath oral epithelium; just before 
eruption; c, tooth erupted; J, edges of epithelium cornified; e, horny plate formed, 
contains the tooth; /, tooth lost, plate separated from its surroundings. 


their prey, and those of the myxinoid tongue are used for boring into 
the fishes on which these animals feed. 

In the larval anura (the larval Siren is said to resemble them) the 
edges of the jaws are armed with cornified papillae, serving as teeth, 
the arrangement of which varies in different genera. They are 
frequently aggregated in dental plates, used in scraping the algae 
from submerged objects. They are not related to the teeth of 
cyclostomes. 

' In the embryo monotreme teeth are formed as in, other mammals, - 
of a multituberculate type, with a normal enamel organ (fig. 261), 
but these are lost before birth.' During their eruption the' adjacent 
epidermis becomes cornified, gradually extends beneath each tooth 
and after the loss of the true tooth this forms a horny plate, used, like 
those of many birds, in holding and crushing the food. 
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In tMs connexion mention may be made of the baleen or whale- 
' bone^ of the balenid whales. This takes the form of large plates of 
horny material j attached in series to' the margins of the upper jaWj so 
that with their fringed ends and edges they serve as strainers to ex- 
tract the plankton' (minute floating life) from the sea. This baleen 
is formed,. by the agglutination of enormously developed corni.fied 
papillae. 

' Egg Teeth.~Iii the embryos of certain lizards and snakes one of the median 
teeth of the first dentition of the premaxillary region projects from the mouth 
and is used for the rupture of the egg shell, thus allowing the escape of the 
young. In the Sphenodon^ crocodiles, birds, and monotremes an egg 

tooth is formed on the upper surface of the beak which is used for the same 
purpose. However, it differs greatly as it is but a thickening, often calcified, 
of the epidermis (fig. 232). 

The Tongue 

The tongue as it occurs in its more primitive condition in the fishes 
is merely a fleshy fold developed from the floor of the mouth between 
the hyoid and mandibular arches, the hyoid frequently extending into 
and supporting it. It is incapable of motion, except as moved by the 
supporting skeleton, for it lacks intrinsic muscles. It is sensory, 
having both tactile and gustatory functions. It is often papillose, 
and in a few teleosts it bears teeth. 

The tongue in the cyclostomes is considerably different. Here it 
is thick and fleshy and is supported by a cartilaginous skeleton (p. 
83) and is moved by appropriate protractor and retractor muscles at 
the base, developed from the postotic myotomes and innervated by 
the hypoglossal nerve. With its terminal armament of epidermal 
teeth it serves as the boring organ with which the myxinoids obtain 
entrance into their prey, while in the lampreys it serves as a rasping 
organ and also as part of the sucking apparatus. 

In the amphibia there is a greater range of structure. In a few 
anura (aglossa) the tongue is practically absent; in the pereiini- 
branchs it is scarcely more advanced than in the fishes, but elsewhere 
it contains intrinsic muscles (innervated by the hypoglossal nerve) and 
is extremely mobile. It consists of a small basal portion correspond- 
ing to the tongue of the fish, to which is added a large glandular 
part arising between the copula and the lower jaw. This secretes 
the slime, so useful in capturing the prey. In the anura the tongue 
is, attached a.t the margin of the jaw, its' free end, when at rest, 
being folded back on the floor of the mouth; , In urodeles the base 
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of . attachment is more extensive and' embraces the anterior .margin 
of the tongue and part of the ventral surface as well. The' sup-, 
porting skeleton (fig. 96) consists of the median portion (copula) 
with usually two pairs of cornua, largely formed from the ventral 
ends of the hyoid and first branchial arches (see p. 73). 

The reptilian tongue includes not only the parts found in the am- ' 
phibia: (the fold above the basihyal) , but. also a 'm.edian g,rowth, the 
ttiberculuin impar (fig. 263), arising between the basihyal and the 
lower jaw, and also a pair of lateral folds lying above the first visceral 
(mandibular) arch {Lacerta), With the development of these parts, 
the trigeminal nerve also supplies the tongue, in addition to the hy- 
poglossal and glossopharygeal of the lower 
groups. In the turtles and crocodiles the 
tongue lies on the floor of the mouth and 
is not protrusible. In the squamata it 
can be extended from the mouth, and in 
snakes and many lizards there is a sheath 
into which it is withdrawn. In many 
snakes the tongue is two-pointed at the 
tip; in the lizards its shape varies greatly, 
the differences being used in classif3dng 
these animals. In the reptiles (fig. 262) 
with retractile tongue the hyoid apparatus 
extends into the tongue, its unpaired an- 
terior portion being called the os ento- 
glossum (copula or basihyal), while the 
tw^o cornua (usually hyoid and first 
branchial) afford attachment for the re- 
tractor muscles. In addition to the usual 

lingual nerve (glossopharyngeal) the tongue also receives a lingual 
twig from the mandibular branch of the fifth nerve. 

In birds the tongue has lost the lateral parts of the reptilian 
tongue and with this the trigeminal branch. It contains no intrinsic 
muscles. In its form it varies greatly, but usually it is slender and is 
covered with retrorse horny papillas. Its skeleton is also reduced 
(fig, 1 13) and consists of an os entoglossum, bearing in front a pair of 
elements (paraglossse) and on the sides a pair of cornua (first bran- 
cHals) and in the median line behind, a tirohyal portion. This 
skeleton has a marked development in the woodpeckers, where the 
cornua curve around the base of the skull and over its dorsal side to 



244 COMPARATIVE MORPHOLOGY OP VERTEBRATES 

the neighborhood of the nostrils, a condition correlated with the use 
of the tongue in these animals. 

Among the mammals, the whales excepted, the tongue is very 
mobile, reaching the extreme in this respect in the ant-eaters. This 
mobility is largely due to the intrinsic muscles, derivatives in large 
part from the hypobranchial musculature. The tongue is developed 
from the unpaired tubercle (tuberculum impar), from two thicken- 
ings on the mandibular arch (fig. 305) and its hinder portion from 
fleshy ridges above the hyoid arch (fig. 263). The line between 
anterior and posterior parts is largely obliterated in the adult, but it 
is close to the circumvallate papillae (p. 213) and the foramen caecum, 
a pit connected with the development of the thyreoid gland (p. 277). 



Fig. 263.— Two stages in developing tongue and pharyngeal floor of man, after His, 
c, copula (basihyal element); a, cervical sinus; epiglottis; g, glottis; h, hyoid arch; 

lung; mandibular arch; median anlage of thyreoid; tuberculum impar; 
tongue. 

Thus the mammalian tongue is similar to that of reptiles and exceeds 
that of birds in having mandibular components. 

There are two views as to the relations of the mammalian and amphibian 
tongue. In the one the amphibian tongue is unrepresented in the mammals, 
unless it be by the sublingua, a fleshy fold beneath the tongue of marsupials 
and lemurs (fig. 264), traces of which occur in other mammals, even in man, 
as folds (plicae fimbriatse) beneath the tongue. In some, cases (Stemps) the 
sublingua is supported by cartiiagev which may be the entoglossum (p. 107), 
■Others think that the amphibian tongue is represented in the anterior part 
of that of the amnio tes, and these regard the lyssa (a vermiform mass of 
cartilage, muscle and connective tissue (fig. 265) lying ventral to the median 
septum of the tongue) as the equivalent of the entoglossum and its associated 
.structures, . ■ ■ 

The tongue varies considerably in shape in the different mam- 
malian orders, but the differences are of little morphological impor- 
tance. ^ The dorsal surface is usually covered with a soft epithelium 
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with, .numerous muco.iis glands, and is developed into, papilla of, vary- 
ing shapes, some sensory, and in some cases they, become cornified, 
and efScient organs of rasping (mono tremes, cats). ' 

The skeleton of the mammalian tongue (hyoid apparatus) varies 
considerably. In its most complete development it consists of a body 
(copula of the hyoid and first branchial), in the .median' line, which 
bears, two pairs of. cornua. The -anterior pair (lesser horns of human 
anatomy) are usually elongate, and consist of a- series of .ossicles' ,(p. 
Ill) connecting the body with -the otic .region of the .skull.- .The, 
second pair (greater cornua of man) are occasionally absent. In man 



Fig. 2 64.—“ Ventral and side views of tongue of Sienops gracilis ^ after Weber. /, 
lateral margin of sublingua; ^ pEca mediana. ■ 

. ' Fig. 265.— Section' through lyssa of late dog embryo, after Nussbaum. .. c, cartilage 
of ^lyssa, d, capsule, of' lyssa;. muscles. 'of 'tongue;, longitudinal and' transverse 
muscles' of iyssa;y, septum of tongue.' 

the greater part of the anterior cornu is represented by the stylo- 
hyoid ligament, the proximal portion being fused to the skull as the 
styloid process. 

Oral Glands 

In the cyclostomes there is a large, so-called, ‘salivary gland’ of 
unknown function, opening into the mouth on either side below the 
tongue. With this exception, glands are lacking from the mouths of 
aquatic ichthyopsida. With the assumption of pulmonate respira- 
tion and more terrestrial habits, the mouth is no longer constantly 
bathed with water and glands appear, increasing in number and com- 
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plexity ' in. the Hglier forms. The secretion of these ■ glands aids in 
' moisteEing the food, and not infrequently it is adhesive and is used in 
capturing the prey. In the mammals true salivary glands appear. 
The saliva secreted by them contains not only mucus, but also a 
■ digestive ferment (ptyalin) 'which changes starch into sugar.. The 
'names of the various oral glands (labial, buccal, lingual, retrolingual, 
etc.) are roughly indicative of their position. 

, In the terrestrial amphibia, snakes (fig. 255) and lizards, there 
, are labial glands^ opening at the bases of the teeth, and an intermaxil- 
lary or intemasal gland in the septum 
between the nasal ' cavities, as well as 
palatal glands near the choanae (the inter- 
nasal gland is lacking in the csecilians). 

Many reptiles also have a sublingual gland 
on either side (fig. 266). In many snakes 
a pair of the labial glands are greatly de- 


\mm 




Fig. 266. — Transverse section of tongue and 
lower jaw of Lacertaj after Gegenbaur. tooth; 
hf hyoid cartilage; 1, labial glands; m, muscles; sl^ 
sublingual gland; tongue. 


Fig. 267. — Palatal surface of 
hen, after Heidrich. chy ante- 
rior end of choana; ^ 5 , openings 
of sphenopterygoid glands: Ip^ 
nij openings of lateral and 
mediaip aiatine glands; 
opening^ of gl. maxillarls mon- 
ostomatica. 


veloped and have migrated into the zygomatic ligament, where they 
have become modified into the well-known poison glands (fig. 255), 
the ducts of. which connect with the poison fangs (p, 238). In the 
only known poisonous lizard {Eeloderma) the sublingual glands furnish 
the poison. Oral glands are poorly developed in the sea turtles and 
the crocodilians. 

Birds lack the labial and internasal glands, but they have numer- 
ous other glands ’Opening separately into the roof of the mouth (fig. 
267) as well as anterior and posterior 'sublinguals and frequently an 
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‘angle gland’ at the angle of the mouth, which may be the last 
remnant of the labial glands of the other sauropsida. 

Besides numerous smaller glands (labials, buccals, linguals, 
palatines) embedded in the mucous membrane and opening separately 
into the mammalian mouth, the salivary glands, though absent from 
the cetacea, form a distinguishing feature of the group. These 
salivary glands are usually in the neighborhood of the mouth, but one 
or, more of them may be carried back into the neck (fig. 268), but in 
all cases the homologies are decided by the openings of the ducts. 
The salivary glands include the submaxillary and sublingual of the 
lower groups, and in addition the parotid gland, apparently a develop - 



Fig.\ 268. — Salivary glands^of fruit bat, Pteropus conspicillaius (Princeton, , 2065). 
prpd^ parotid gland and duct; rlytld, retroiingual gland and duct; smpsmd, subniaxillary 
gland and duct. ' , 

' , ment .within'' the class. Thesmbiiiaxillary normally lies in the lower' 
' jaw' beneath the 'mylohyoid mitscle, and it's duct (Whartoii^s duct), 

' opens near the lower .incisor teeth. Near’ this is; frequently a" retro-- 
^lingual gland, its, duct opening ' near, 'the former. " .The' sublingual 
gland .occurs between, the tongue and. the -.alveolar margin of the 
lower, 'jaw , and 'usually,': emp.ties. by ■, numerous ducts. ., , The .parotid 
. gland , has I ts normal p near ' the ear, and its duet (Stenon’s 

duct) pours the secretion, out. near "the molars of the upper" jaw. 

, Other oral glands are' occasionally present,: like the .molar glands of 
ungulates and the orbital glands of dogs,- both 'of' which^ have ducts 
'. , leading- into' the: mouth. 
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PHARYNX 

The pharynx is the division of the alimentary canal intervening 
between the cavity of the mouth and the oesophagus and is character- 
ized by being at once alimentary and respiratory. From its walls are 
developed the gill clefts and lungs as well as a number of derivatives 
of these, and it also receives the internal openings (choanae) of the 
nasal passages. Hence it is best described in connexion with the 
respiratory^ system. 

THE (ESOPHAGUS 

That part of the digestive tract between the pharynx and the 
entrance of the bile duct (fig. 248) develops into oesophagus, stom- 
ach and that part of the intestine known as the duodenum. Stomach 
and duodenum are separated by the pyloric valve described below, 
but it is difficult to draw a clear line between oesophagus and stomach. 
In general it may be said that the oesophagus is the tract immediately 
succeeding the pharynx, l3dng in front of the body cavity and thus 
lacking a serous coat; that it is smaller than the stomach, and that 
there are no digestive glands in its walls; but all of these statements 
have exceptions. 

The oesophagus varies in length with the length of the neck of the 
animal, being short in the ichthyopsida, longer in the reptiles, and 
reaching its extreme in the birds. In some its internal lining epithe- 
lium is smooth, but more commonly it bears longitudinal folds, while 
in the chelonians it is provided with cornified papillae pointing back- 
ward. Outside of the epithelium its walls contain muscles, those at 
the cephalic end being striped and these may extend back, in some in- 
stances, even on to the stomach. They are apparently derivatives 
of the pharyngeal region. Usually the oesophagus is of the same 
diameter throughout, but frequently in birds it has a marked dilata- 
tion, the ingluvies or crop. This may be an expansion of one side of 
the tube, or, as in pigeons, it may consist of a median and a pair of 
lateral chambem. The extreme of development of the crop occurs in 
Opisihoconms, where the organ is extremely muscular and has numer- 
ous longitudinal folds. 

The crop, which is usually supported by the furcula, may be either 
a reservoir for food, or it may be a glandular organ, its secretions 
serving to moisten the food or even to initiate its digestion. In the 
pigeons at the breeding season the secretion is a milky fluid and is 
used in feeding the young. 
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THE STOMACH 

The stomach is apparently a new acquisition in the vertebrates, 
possibly arising as a place for the storage of food. This view is sup- 
ported by several facts. In the embryo vertebrate and in the adult of 
AmpMoxus th.e duct from the liver immediately follows the pharynx, 
opening just behind the last gill cleft; while the innervation from the 



tenth nerve shows that both stomach and oesophagus are parts of 
the pharynx greatly drawn out (fig. 248). 

The pylorus, which limits the stomach behind, is a fold of the 
lining mucous membrane projecting into the interior and reinforced 
by a circular (sphincter) muscle, which by its contraction, closes the 
tube so that no food can pass from the stomach until it is properly 
acted upon by the gastric fluids. The anterior end of the stomach is 
not so well marked. Usually it is differentiated from the oesophagus 
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by its greater diameter^ but in some of the fishes (fig. 2695 ^^) there 
is no distinction in size. The stomach lies in the ccelom and hence is 
covered externally by the serous membrane (peritoneum) ^ but the 
oesophagus usually extends a short distance into the body cavity and 
then its lower end has the same coat. 

The, true stomach is characterized by the presence of glands^ de- 
veloped from .the mucous layer and emptying into the lumen. Of 
these glands there are at most (mammals) three kinds: cardiac, near 
the entrance of the oesophagus, which secrete an albuminoid fluid; 
pyloric, near the pylorus, wliich form mucus; and the most character- 
istic, the fundus glands, which secrete a digestive ferment, pepsin, 
(For the structure of these glands reference should be made to histo- 
logical text-books.) Tested by glands, many 
vertebrates (dipnoi, cyprinoids) lack a true 
stomach, while the sturgeons have the gastric 
glands extending into the oesophagus. On the 
other hand, a part of the enlargement called 
the stomach in mammals often includes a part 
of the oesophagus (fig. 271,^4, £). 

The shape of the stomach is to some extent 
dependent upon the shape of the body. In 
the elongate species it lies in the axis of the 
trunk, especially in the lower vertebrates (fig. 
269, a), but with increase in the body width 
it becomes more transverse. TMs involves 
a bending and a torsion of the tube, always 
to the right, and results in two faces or ^curva- 
tures,^ a lesser or anterior, and a greater or 
posterior, the greater curvature often expanding into a so-called 
fundus region. The end of the stomach which connects vdth the 
oesophagus is nearest the heart and hence is called the cardiac end. 

In the fishes the stomach may be either straight (fig. 273), or saccular, often 
assuming the form of blind sac (fig. 269, g). The line between cesophagiis and 
stomach is not well marked, as the oesophageal folds may continue into the 
stomach. The teleosts exhibit the greatest variety in shape, in correlation to 
the differences in food. All gastric glands are lacking in the cyprinoids, while 
Amia has both cardiac and pyloric glands, and, like many teleosts, has the 
stomach ciliated. In the amphibians and reptiles the distinctions between 
oesophagus and stomach are more marked, most in the crocodiles. In the 
amphibians the ciliation of the mouth is continued into the stomach. 



Fig. 270. — A, stomach 
of turkey (grain-eating) 
and B, of buzzard (flesh- 
eating). d, duodenum; g, 
glandular stomach (pro- 
ven triculus) ; m, muscular 
stomach (gizzard); 0, oe- 
sophagus; after Boas. 
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In birds (fig. 270) there is a differentiation of the gastric region 
into two parts, an anterior glandular stomach or proventriculus, and 
a posterior muscular gizzard. The proventricular glands secrete, a 
digestive fluid, and the food, mixed with this, is passed on to the 
gizzard. The walls of the latter have their muscles developed into a 
pair of discs with tendinous centres, while the glands of the gizzard 
form a secretion which hardens into a horny (keratoid) lining, some- 
times developing into tubercular structures, of great use in grinding 



the food, thus^ in part making good the, absence of teeth. In the 
grain-eating birds small pebbles are taken into the gizzard and are 
used in triturating the food. , (In the fossil pterodactyls small clusters 
of stones are sometimes iound in such a position as to lead' to the sup- 
position that: these Tep tiles also had, a gizzard.) The gizzard is , best 
developed in the grain-eating birdS' and is weakest in' the birds of prey. 
■In 'One species of pigeon part ' of the wall, of the gizzard is ossified. 

' The mammalian stomach' shows the greatest range of ' form (figs. 
269, 271) , and the, greatest, development of-:: different kind of glands. 
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It may be a simple sac or it may be subdivided into a series of cham- 
bers'. In some cases {Omithorhynckus^ fig. 271, it is almost or 
entirely oesophageal in character. Occasionally the cardiac glands 
are absent. It may be a simple sac, longitudinal or transverse in 
position, or it may be divided into chambers, reaching the extreme 
in this respect in the ruminants (fig. 272) and the cetacea (fig. 



Fig. 272. — Diagram of ruminant stomach, the dotted line showing the course of the 
food. G, abomasum; cesophagus; p, pylorus; psalterium (omasus, manyplies); 
reticulum (honeycomb); ru^ rumen (paunch). 

271, £) where four compartments are recognized. In the ruminants 
two of these, the rtimeH or paunch and the reticulum or honeycomb, 
are expansions of the oesophagus and serve as reservoirs for food. 
When feeding, the herbage is swallowed and passes into these. Then 
it is regurgitated into the mouth for mastication, and when it is 
swallowed again it passes at once into the other parts of the stomach, 
following the course of the dotted lines of figure 272 to the psalte- 
ritim (omasiiS:or manyplies), and the abomasum or rennet for gastric 
digestion). 

INTESTINE 


The remainder of the prehepatic portion of the alimentary canal, 
extending from the pylorus to the entrance of the bile duct, is con- 



Fig, 273. — Digestive tube of garpike, Lepidosteus (after Gegeabaur) i', small ;!ntes tine; 
oe^ (esophagus; pc^ pyloric caeca; pg^ pylorus; f, rectum; stomach; sVj spiral valve. 

sidered as part of the intestine, this region, together with the first 
part of the posthepatic tube being called the duodenrun. It is espe- 
cially noticeable in many ganoids and teleosts (figs. 273, 276) where it 
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may bear from a single one to two hundred blind digestive tubes, the 
pyloric caeca. The same region in a few elasmobranchs may have a 
pair of these c£eca or (Galeus) it may be expanded into a pouch 

(‘bursa Entiana’). 

The posthepatic intestine is the seat of most of the digestive proc- 
esses and of absorption of the products of digestion. Here the food, 
coming from the stomach, is mixed with the bile from the liver and 
with the pancreatic juice and the secretions of numerous small glands 
in the intestinal wall. The increase of surface needed for adequate 




Fig. 274.— Spiral valve of Raia, after Mayer. 


digestion and absorption is provided in several ways. There may 
be an elongation of the tube which results in its becoming coiled 
in the body cavity; the mucous lining ma}^ develop fo.ldSj both 
longitudinal and circular; or the folds may break up into numerous 
minute^ finger-like processes (villi) which give the surface a velvety 
appearance. The food undergoing digestion is moved back and forth 
(peristaltic motion) by the antagonistic action of the muscles of the 
intestinal wall (p. 132); bringing all of it in con- 
tact with, the absorptive surface. 

The length of the intestine is roughly re- 
lated to the food, being longer in the plant- 
eating than in ' the '■ carnivorous species. This 
is strikingly shown in the frogs, where the 
tadpole (larva) has a very long intestine, corre- 
lated with the vegetable food, while the adult 
flesh-eating frog has a canal hardly longer than 
that of the tadpole of half the size.- 

T .1 • i > .1 . . of spiral valve of CorcAa- 

In the mtestme there are two divisions, an rias. 
anterior small intestine and a posterior large in- 
testine, terms adapted from the digestive tract of man, though not 
always appropriate in the lower groups. The line between the two 



Fig. 275. — ^Diagram 
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may be marked externally by the development of one or two blind 
pouches or casca at their junction or by a circular fold or a pair of 
internal folds of the lining, consituting an ileo-colic (ileo-caecal) 
valve, both valve and casca coexisting in many cases. Both large 
and small intestines may be subdivided, chiefly by differences in their 
walls. Thus in the small intestine there are recognized in different 
groups a jejunum, a spiral valve region and an ileum, while the 
large intestine may furnish a colon, a rectum and a cloaca, the latter 
being the part of the canal into which the 
urogenital organs open. 

In the cyclostomes but two regions occur, 
the intestine and the rectum, differentiated 
externally by the larger size of the latter. In 
the petromyzonts there is an internal fold of 
the intestine which pursues a slightly spiral 
course, constituting a spiral valve, a structure 
which reaches its highest development in the 
elasmobranchs. 

In the elasmobranchs the intestine is 
nearly straight, but its differentiation has 
proceeded farther. At the junction of small 
and large intestine is a dorsal blind sac, the 
rectal or digital gland. Its function is 
unknown, but it probably corresponds to 
the caeca of amphibia and sauropsida. In 
the ‘small’ intestine is the spiral valve which 
I ,:'j has two forms, both leading to increase of 

! surface. In most species a fold, carrying 

blood- and lymph-vessels, arises in a spiral 
line from the wail of the tube, and its free 
tracf ' of projects into the lumen like a spiral 

Princeton 296). Stairway (fig. 274). In a few forms (Car- 

Uiver^;i;1ar^^^ chariid^, Galeocerdo) the line of origin of the 

straight and its free margin is coiled 
lihe a roll of paper (fig. 275). In the large 
intestine rectum and cloaca are recognized,, the' cloaca being that 
part which receives the ends of the excretory and reproductive 
ducts and thus is both digestive and urogenital in character. 

Ganoids (fig. 273) and dipnoi aiso have the intestine nearly straight and 
a spiral valve, least developed in Lepidosteus, In the teleosts the canal 
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may be straight (fig. 276) or may make more or fewer coiisj the predaceous 
species being simplest/ while in the mullet {MugU) there may be thirteen or 
fourteen turns. In the teleosts the line between small and large intestine is 
often marked by an ileo-colic valve, and a few species have a c®cum, or rectal 
gland. A spiral valve rarely occurs in teleosts and a cloaca is never found. 
Ill a few teleosts, in correlation with the translation of the ventral fins .(p. i'2i), 
the anus may lie in front of the pectoral girdle. 



Fig. 277. — Types of coiling of the intestines of birds, after Gadow. A, isocoeious; 
j 5, anticoelous; C, antipericoelous; D, isopericoelous; E, cycloccelous; E, plagiocceious; G, 
telogyrous; pylorus. 


The intestine is straight in the csecilians, has a few coils in the perenni- 
branchs and more in the salamanders, while the anura have a greatly convoluted 
intestine. (Reference has already been made to the differences between the 
intestines of the larval and adult frogs, p. 253.) The line between small and large 



Fig, 27,8. — Alimentary canal of Chauna, zittx Mitchell, c, c$ca, I, large intestine; 
proven triculus;' #2^,. portal vem;.r2?, rectal vein small intestine; remnant of 
vitelline duct. ' 

intestine is, frequently marked in, the amphibians.'. by an ileo-colic^ valve, .ahd'in a 
,fe„w forms there is a rudimentary c«cum. ...The rectum is 



256, COMPARATIVE MORPHOLOGY OF VERTEBRATES 

larger than the rest of the intestine and a cloaca is always present in the amphibia. 

The, reptiles have the intestine coiled (nearly straight in amphisb^nans) and 
usually of about the same diameter throughout. ' SmaE and large intestine are 
separated by an ileo-coiic valve, and except in crocodiles a cfficum is usually 
present, whEe the cloaca constantly occurs. Spirally twisted coprolites occur- 
ring in the rocks in .association with ichthyosaurs have been supposed to indi- 
cate a spiral valve, in these animals. ' More probably they' are the product 
of Elasm.obranchs and ganoids. ■ . 

The intestine is longer in the birds than in the reptiles, but there is con- 
siderable difference in the group in this respect. The great increase comes in 




Fig. 279. — Cioacal region of (i), ostrich embryo 10 mm. long; (2) iS mm. long ; Mov- 
den), showing origin of ureter, u, and bursa Fabricii, 5. aby allantoic bladder; a/, 
allantois j apj anal plate; c, remains of postanal intestine; i, intestine; py pelvis of develop- 
ing metanepbros; r, rectum; Wy Wolffian duct, that of left side cut off near entrance to 
cloaca. 

Fig. 280.— Diagrammatic longitudinal section of the cloaca! region of a duck 
embryo at the twenty-second day of incubation, after Poindyer. ag, anal groove; c, 
cloaca; cpy cioacal plate;/, bursa Fabricii; py phallus, with csecal duct; spy stercoral Doucb 
;of : rectum. 


the colon which is coEed in different ways, which may be reduced to seven plans 
or combinations of loops and spirals (fig., 277),. In a few forms (woodpeckers, 
parrots, etc.) there is no caecum, but usually the junction of large and small 
intestine is marked by one or two cseca (fig. 278). In some cases these caca 
are lined with viEi, or portions may be cEiated,* whEe the very large ciecum of 
the ostrich is spiraEy coEed. Many birds -have a pocket, the bursa Fabricii, 
of unknown functions, developed from the dorsal part of the cloaca. It arises 
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from the entodermai portion (fig. 279) and extends forward, dorsal to the rectum 
(fig. 280), later connecting with the ectodermal (proctodeai) part of' the cloaca. 
In some cases it degenerates in the adult. 



Fig. 281, — Semidiagrammatic course of intestine of new-born deer Cervus canadensis 
after Weber, c, cjecum; d, duodenum; co, colon; jejunum; m, mesentery. 

The limits of large and small intestine in the mammals are usually marked 
by an ileo-colic valve and a single caecum, but there are two caeca in some eden- 



Fig. 282. — Scheme of alimentary canal and mesenteries in human .embryos, 30 and' 
SO mm. long, after Kiaatsch. ac, ascending' colon; c, csecum; co, colon;’ duodenum; 

descending colon; kidney; f, rectum; recto-duodenal ligament; .r/, recto-lienal 
ligament; ffi, recto-duodenal recess; s, stomach;' spleen; tc, transverse colon. 

tales, while some edentates, bats, carnivorous mammals and many whales 
lack either cfficiim^or valye. The csecum, is .larger in the herbivorous forms 

17 ..f'.' 
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and frequently there is a relation between the development of cfficum and 
stomach. The- c^cum becomes enormous in certain rodents and marsupials 
(sometimes longer than the body) and plays an important part in digestion, 
being sometimes lobulated or furnished with internal folds, those of the rabbits 
being arranged in a spiral manner. In man and the anthropoids and some 
other forms, as is well known, the distal part of the c^cum degenerates to a 
• rudiment, the vermiform appendix, the lumen of which tends to become 
-obliterated with increasing age. ■ . . 

Both small intestine and colon are at first straight, but ?dth growth they 
become longer, involving convolutions varying in pattern and extent in different 
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groups, the patterns of the colon, being of some systematic value. The full 
history has been worked out only for. man,, t.wo' stages", being represented in fig. 
;282.,'::.The'genus;:.-Eym«^i^ a pair of caeca! dlve,rticula ' arising 

from the colon (fig, 283). In the mono.tremes the rectum, terminates .in' a 
cloaca as in the sauropsida, and the, same condition occurs in, -the, young of-,, all 
:higher mammalia. In the later stages, however, the urogenital and diges-' 
tive openings become separated by the formation of a perineal fold between 
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THE LIVER' (HEPAR) 

' Tlie liver, the largest gland in the body, has several functions, , It 
■secretes the bile (gall) and forms several internal products such as 
glycogen, urea and uric acid, of great importance in, the animal 
economy. The bile is passed to the intestine by the bile.' duct 
(choledochal or^ hepatic duct)'^ but other products are carried' away 
by the blood (internal secretion).' 

The anlage of the liver is a ventral diverticulum (fig. 286) from 
the archenteron (p. 231), which grows forward from its point of origin, 



Fig. 284. Fig. 285, 


Fig. 284.-“Diagram of two types of bile ducts, h, gall bladder; cd^ cystic duct j 
ch^ clioiedocliai duct; h, hepatic ducts; i, intestine. 

Fig. 285. — ^Liver and pancreas of American ostrich (Eto), after Gegenbaur. chj 
choledochal duct; d, duodenum; dh^ bile ducts; I, liver; w, stomach; oesophagus; fy 
pancreas; pd^ pancreatic duct; pr^ proventriculus; stomach. 

branches again and again, the ultimate branches forming the glandu- 
lar part of the organ, the proximal parts of the outgrowth giving rise 
to the bile duct (occasionally multiple) which empties into the intes- 
tine. As a result of this method of formation the liver is to be re- 
garded as a compound tubular gland, the lumina of the tubules form- 
ing the gall capillaries which eventually empty into the duct. This 
tubular condition is readily recognized in the ichthyopsida, but it is 
masked in the amniotes and especially in the mammals, in part by the 
anastomosis of the tubules, in part by the interrelation of the bile and 
blood-vessels. 

With development the Hver grows cephalad from its point of 
origin, but this forward growth is li mi ted by the presence of the 
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blood-vessels which develop the sinus venosus and the hepatic veins 
and also contribute to the septum transversum (see circulation), and 
so its later increase must cause it to grow in the opposite direction. 
As it increases in size there is an immigration of mesenchyme be- 
tween the lobules and with these the blood-vessels enter. At the 
same time the liver grows away from the alimentary canal, carrying 

the peritoneum before it so that it 



receives an outer serous coat. 

Usually the bile duct (when there 
are several ducts only one is con- 
cerned) forms a lateral diverticulum, 
the gall bladder, which serves as a 
reservoir for the bile. This is 
usually placed on the dorsal side of 
the liver, but it may be immersed 
in the substance of the gland. In 
some cases, even in mammals, the 
gall bladder may be lacking. When 
a gall bladder is present, three re- 
F iG. 286.— Diagrams of the develop gions maybe recognized in the bile 
fSkl-SVlra— T, Thosepartswhichleadfron, 

dp, dorsal ppcreas; «, ectoderm; era, the liver to the connexion with the 
entoderm: i, intestine; I, liver; Ih, falci- , , , , „ , 1 j.* j j. 

form ligament of liver; Ihd, hepato- bladder are called hepatic ducts J 

duodenal ligament; p, peritoneum; vp. jJiese are met by the CVStiC duct 
ventral pancreas. ■' 

leading from the bladder, and the 

common duct, formed by the two and which empties into the intestine 
is the choledochal duct (fig. 284). The shape of the gland is in part 
determined by the shape of the body, being long in elongate species, 
sometimes consisting of two consecutive lobes. Another modifying 
factor is the shape and size of the adjacent organs, stomach, etc. 
Usually the liver is divided into right and left halves, these correspond- 
ing to the first division of the anlage, but these halves are hardly 
indicated in some of the teleosts. Frequently, and especially in 
mammals, the halves become subdivided into lobes of var3dng size, 
which are arranged in various ways. The liver is relatively larger in the 
ichthyopsida than in the amniotes, but the cyclostomes have a small 
liver, that of the myxinoids being in two parts. It is larger, too, in 
the flesh-eating than in the herbivorous species. The blood supply, 
chiefly through the portal vein and to a less extent by the hepatic 
artery (see circulation), is very large. The color of the gland is very 
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variable, especially in teleosts, where it may be brown, yellow, 
purple, green and even vermilion. 

THE PANCREAS 

The second largest of the digestive glands, the pancreas, secretes 
digestive ferments of great strength (trypsin, steapsin, amylopsin), 
which digest both proteids and carbohydrates. In some respects it 
resembles the salivary glands and so compensates in part for the 
absence of them in the lower vertebrates (p. 245). The pancreas 
arises by diverticula from the wall of the intestine close to the liver 



Fig. 2S7.— Diagram of developing pancreas of cat, after Thyng. c, ductus choledo- 
chus; d, duodenum; dp, dorsal pancreas; cap, its duct; i, small intestine; s, stomach.; 
ventral pancreas. 

(fig. 286). There are usually three of these diverticula, one doirsal 
and two ventral, the ventral soon uniting (fig. 287), but in the sharks 
there is only a single dorsal diverticulum, while in the sturgeon there 
are two dorsal and two ventral. In a general way these develop 
much like the liver, the distal portions of the divisions forming the 
glands, which are of the acinous type; the proximal portions form the 
ducts. Of these ducts aU may persist; all but one may disappear, 
while in the lampreys all may be lost. In many mammals two ducts 
persist, the ventral forming the main pancreatic duct (Wirsung’s 
duct), the dorsal, the accessory or Santorini’s duct The ducts may 
remain distinct; they may unite before entering the intestine or one 
of them may unite with the bile duct (fig. 287, c). 

For a long time it was supposed that a pancreas was lacking in 
certain vertebrates (some teleosts, dipnoi, cyclostomes), but recent 
studies have shown its presence in many of these. In the case of 
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some teieosts it occurs as a slender tube in the mesentery; in the dip- 
noi it is outside of the muscles in the intestinal wall, while in the cy- 

clostomes it is partly concealed at 
the insertion of the spiral valve, 
partly (myxinoids) in the liver. In 
these forms, owing to the complete 
disappearance of the duct it becomes 
a gland of internal secretion. The 
pancreas may be elongate, compact, 
or sometimes extremely lobulated. 
Usually (fig. 285) it lies in a loop of 
the duodenum. From certain pe- 
culiarities of structure the question 
has arisen as to whether two distinct 
structures are included in the pan- 
creas. 

THE RESPIRATORY ORGANS 

The respiratory organs have for 
their purpose the exchange of gases 
between the blood and the surround- 
ing medium-— water or air— carbonic 
dioxide being given off and oxygen 
being absorbed by the circulating 
fluid. In order that the exchange 
be readily effected it is necessary 
that the organs be richly vascular, 
that the walls between the blood 
. _ . , and the surrounding medium be ex- 

vessels: c, ccelomic cavities of gill arciies: . 1 ^ *1 

g, developing gills; gc, gill clefts; tremely thin so as to permit rapid 

hTOophysis; m, mouth; n, notochord; o, osmosis, and that the osmotic sur- 

oculomotor nerve; oe, oesophagus; . 

peritoneal cavity; spiracular cleft; face be as great aS possible. Flirtheiy 

7-/1/, first to third head cavities. adequate mechan- 

ism for passing the oxygen-containing medium over the respiratory 
surfaces. ’ 

the organs of respiration are developed in more 
or less intimate connexion with the cephalic portion of the digestive 
tract, just behind the cavity of the mouth. This part of the alimen- 
tary canal, which thus serves for the passage of food and for the per- 
formance of respiratory functions is called the pharynx. The organs 



^Fig. 28S. — Pharyngeal region of j 
yoiing Acanthias embryo, blood- 
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themselves may take the form of gills or branchias, adapted for aquatic 
respiration, or of lungs (pulmones) fitted for breathing air. In this 
connexion must be considered the cases of certain fishes, amphibia, 
and turtles where respiration is effected in part by the skin, the 
pharyngeal epithelium, or the digestive tract. There are also a 
number of other structures — air bladder, thymus and thyreoid 
glands, etc., which are derived from the pharynx, though they are 
without respiratory functions. 

GILLS OR BRANCHI^ 

The typical gills or branchiae are developed on the wails of some 
of the visceral clefts (giU or branchial clefts) which are formed in the 



Fig. 289. — Two stages in the development of the giil-defts of after 

' .Greil. Entoderm., black; mesoderm , stippled, o,' operculum;' oesophagus; 
,.rad.k ,aortae; i, 2, first and. second so.mites of Van Wijhe; J-F, visceral pouches, not yet 
broken ■ through. Noticeable are the ingrowths of ectoderm in' the line of the 'future 
'clefts. 

sides of the pharynx. These clefts arise as paired pouches or grooves 
of the entoderm of the pharynx (figs, 247, 289) . They extend later- 
ally, pushing aside the mesoderm, until they reach the ectoderm, 
ectoderm and entoderm then fusing to a plate. This in most cases 
becomes perforated, so that the cavity of the pharynx is ^nnecte^, 
with the exterior by a series of openings (fig. 288), the * clef ts 'Se- 
veloping in succession from the cephalic end backward. 
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These visceral pouches develop in all vertebrates, but in the 
mammals only a few or even none of them break through to the ex- 
terior. In the adult amniotes the pouches may disappear without 
leaving a trace, aside from the Eustachian tube (p. 211) and the 
various ductless glands mentioned below (p. 275). The largest 
number of clefts in any true vertebrate (there are more in Amphioxus 
a.Ti 6 . Balanoglossus) is fourteen pairs in some specimens of Bdellos- 
toma. Other cyciostomes have seven (Dohrn thinks there are traces 
of move mPetromyzon), eight to seven in notidanid sharks, five or six 
in elasmobranchs, teleostomes, amphibia and reptiles, and five in 
birds and mammals. In this numbering the oral cleft is not included, 
though there is some evidence that the mouth arose by the coales- 
cence of a pair of gill clefts (p. 231). 

There is some difference between the serial repetition of the gill clefts 
{branchiomerism) and the other segmentation of the body, and possibly the 
metamerism of the head is not of the same character as the branchiomerism. 

The appearance of branchial pouches or clefts and the relation of the aortic 
and branchial arches in the amniotes, where gills are never developed, can best 
be explained by the assumption that these animals have descended from 
branchiate ancestors. 

Between each two successive gill clefts is an interbranchial 
septum, covered externally with ectoderm, internally with entoderm, 
and with an axis of mesoderm, the latter^ in the early stages, containing 
a diverticulum of the coelom. Later, blood-vessels (aortic arches) and 
skeletal elements (visceral arches, p. 70), are developed in each 
septum, the visceral arches forming on the splanchnic side of the 
coelom and hence are not comparable to girdles or ribs (p. 1 13) . 

In cyciostomes and fishes the gills proper are developed on the 
anterior and posterior walls of the interbranchial septa. The gills 
are either filamentous or lamellar outgrowths of epithelium, each 
outgrowth containing a loop of a blood-vessel, so that between the 
blood and the water there are but two extremely thin layers, a matter 
of importance in the exchange of gases, .^^ach cleft is thus bounded 
in front and behind by gill plates or filaments (fig. 292) those on a 
side forming a demibranch, the two demibranchs of a septum con- 
stituting a giU, while each cleft is bounded by demibranchs belonging 
to two gills. In the young elasmobranch and in the young of a few 
teleosts before hatching, the gill filaments protrude from the clefts 
as long filaments (external gills), but they are absorbed later. These 
are partly respiratory in character, but, in some cases at least, they 
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also serve for the absorption of food from the egg or the uterine 
fluids. 



Fig. 290. — Diagram of relations of oesophagus and respiratory tracts in {A) Myxine 
and Ammocoetes, and {B) Pelromyson: b, branchial duct (‘bronchus’); oe, oesophagus; 
I, thyreoid gland. 


In the cyclostomes and notidanid sharks the first cleft (between 
the mandibular and hyoid arches) bears gills like the rest, but else- 
where it differs. In most elasmobranchs and a 
few ganoids (sturgeon, Polypterus) it becomes 
reduced in size by closure beginning below (fig. 

148) so that the persisting part of the original 
opening is on the dorsal side of the head, form- 
ing the spiracle. In other vertebrates, includ- 
ing the chimffiroids and many true sharks, the 
spiracle is closed in the adult, but in the anurous 
amphibia and the amniotes its inner portion 
persists as the tympanic cavity and the Eusta- 
chian tube of the ear (p. 211). 

Usually the series of gills begins with the 
demibranch on the posterior face of the hyoid 
arch, but there is never a demibranch on the 
posterior wall of the last cleft. In some cases 
the series of gills is still farther reduced by the 
loss of demibranchs from other arches, the re- 
duction reaching the extreme in the symbran- 
chiate genus Amphipnous, where there are no pouches and blood-vessels 

gills on the first and fourth branchial arches after MuUer. 

- 0, gill pouches; ed, ener- 

and only one demibranch on the second. ent ducts; eo, external gill 

opexilng;. ..heart;.. ■ 

In cyclostomes the gill clefts in the- .adult are some cesophageo-cu tan eons 

distance behind the mouth, partly as the result of the 

great development of the lingual apparatus. In the 

larvae of Feiromyzmt (Ammocoetes) the\seven clefts are nearly typical, the 
demibranchs extending inward nearly to the pharyngeal wall, each cleft having 
a short efferent duct leading to the exterior, while the oesophagus begins at the 
hinder end of the respiratory region ■;(figv ' 290, A). With the metamorphosis 
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to the adult coHdition tlie oesophagus grows forward, dorsal to the gill clefts, as 
far as the anterior end of the pharynx, so that there is cut off a ventral respira- 
tory tube, the brancMal duct or ^bronchus® (fig. sgo, B). At the same time 
the gill-beariiig' part of each cleft becomes separated from the branchial duct 
by a short afferent duct, while the part of the cleft containing the gills is trans- 
formed into an oval pouch (much as in Myxine, fig. 291), in allusion to which the 
cyclostomes are often called marsipobranchs (pouched gills). 

, In the myxinoids the tract between the mouth and the pharynx is longer 
and the pharyngeal region is never differentiated into oesophagus and branchial 
.duct (fig. 290, A). Myxine has six pairs of Bdellostoma has from seven 



Fig, 292.— Diagram of gill clefts in (A) elasmobranchs and {B) teleosts. and 
single gill of each, artery; ^< 2 , branchial, arch; dr, brancMal ray; d, demibranchs; 
gc, atrial chamber; gr, gill raker; 0, opercnlum; oesophagus; 00, opercular opening; 
5, spiracle, in 4 ', septum; 2?, veins. . 

to' fourteen, the number varying even on the two sides of our Pacific coast species, 
.B.'Bombeyi,: ,lji Bdellostoma and the. lampreys the efferent - ducts of the' gill 
pouches open separately to the exterior ;. in (fig. 291) they unite, to a 

common,.- ductVoH' either side, with a single external, opening. In both BVM/f>- 
ssma and Myx^m an wsophageo-cutmeous d^ from the left side of ' .the 

..oeso'phagusF.either'.'iiito the common efferent -duct'' or directly to the .' exterior. 
It: '.resembles, a, gill cleft, in all except 'the.; unpaired condition and the absence, of 

Fishes have two types of gills and associated structures (fig. 292). 
With the exception of the chunasroids, the elasmobranchs have the 
interbranchial septum greatly developed (fig. 292, .4), so that it ex- 



GILLS OR BRANCHIAE 


267 


tends some distance beyond the demibranchs, thus differentiating an 
■excurrent canal in the cleft. This prolongation of -the septum bends 
caudally at the outer end, thus protecting the delicate gills from in- 
jury (fig. 292, A). 

In all other fishes (teleostomes and chimasroids) the posterior end 
of the hyoid septum grows back as a broad fold over the clefts behind, 
thus forming a gill-cover or opercular apparatus (fig. 292, B, a) which 
encloses an extrabranchial or atrial chamber into which all the clefts 
empty and which, in turn, opens by a single slit (00) behind the oper- 
culum. This opercular opening is usually long in the vertical direc- 
tion, but it is reduced to a circular opening on either side in a few 
teleosts, while in the symbranchiates there is a single opening in the 
mid-ventral line for the two sides of the body. 

Correlated with the protection of the 
gills by an opercular apparatus is the re- 
duction of the interbranchial septum 
(cf. fig. 292, A', B'), so that it forms 


Fig. 293. Fig. 294. 

Fig. 293. — Head of_ CMamydoselachus, after Garman; /, opercular fold. 

Fig. 294. — Ventral side of Schilbeodes, after Jordan and Evermann. b, branchiostegal 
membrane; i, isthmus; o, opening from atrial cavity. 

only a slender bar, from which the demibranchs project far into the 
atrial chamber. Usually the two opercular folds are continuous 
beneath the pharynx, which points to the beginnings of an operculum 
in the oldest living shark, CMamydoselachus (fig. 293). In the 
chirnsroids, as has just been said, there is a well-developed oper- 
cular fold which is strengthened by cartilaginous rays arising from 
the hyoid arch. In the teleosts and ganoids two parts are differenti- 
ated in the opercular apparatus, the operculum or gill-cover proper, 
supported by a series of large cartilages or bones (p. 86), and a more 
ventral part, the branchiostegal membrane (fig, 294) which is very 
flexible and has a skeleton of slender branchiostegal rays. In these 
cases the ventral wall of the pharynx is reduced to a slender bar, the 
so-called isthmus. 

In all cases the gills and accessory structures are such that an 
almost continuous stream of water is passed over them, thus bringing 
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the oxygen needed by the blood. As a rule this water is drawn into 
the mouth by the enlargement of the oral cavity,' and by its contrac- 
tion it is forced out through the clefts, passing over the, gills on its 
way. In the myxinoids the oesophageo-cutaneous duct is supposed to 
act as the incurrent passage when these animals have the front of the 
head iromersed in the flesh of a fish.. In the lampreys the water is 
said to be taken and forced out- through the gill clefts when these 
animals are attached to some object. In many of the elasmobranchs 
the spiracle serves as an incurrent opening, and it is provided with, a 
valve developed from the anterior wall, which closes and prevents any 
backflow. Both sturgeons zxA Poly pter us have spiracles through- 
out life. * 

j In the amphibia the gill pouches are formed in the same way as in 
the fishes, but the first and the fifth never break through, and all 
clefts are usually closed in the adult, the exceptions being the per- 
ennibranchs and the derotremes, where from one to three external 
openings persist through life. In caecilians and urodeles there is a 



Fig. 295. — External gills of young AmphiumaypsLXtio^y covered by opercular fold 

reduced operculum which never is prominent, being merely a fold of 
integument in front of the gill area. In the larval anuran the oper- 
cular fold is "well developed, though it never has any skeletal support. 
Before the time of metamorphosis this fold grows backward over the 
gill clefts, the gills, and the fore limbs, and fuses with the sides and 
the floor of the body behind the latter. In this way these parts are 
enclosed in an atrial chamber, the chambers of the two sides being in 
communication below the pharynx. During larval life the atrial 
chambers open to the exterior in most anura by a single excurrent 
pore, usually on the left side, but in the larval aglossate amphibia 
{Pipa, Xenodactylus, etc.) right and left excurrent openings occur. 
The gills of the amphibia are certainly of ectodermal origin. In 
the early larva usually three pairs of external gills are formed before 
the clefts break through. These are covered with ciliated epidermis. 
They arise on the outer surface of the third, fourth and fifth arches 
and are supplied by the corresponding aortic arches of the blood 
system. They have no skeletal support and vary considerably in 
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form, being pectinate, bipinnate, dendritic, etc. (fig. 295), and in one 
species of csecilian (where but a single pair occurs) they are large 
leaf-like lobes. In the perennibranchs these external gills persist 
throughout life (they are said to be absorbed and reformed in Siren), 
and no gills are developed in the clefts. Elsewhere, in the amphibia, in 
when the clefts break through, there is an ingrowth of ectoderm into 
each cleft, from which the internal gills are developed, so that, for a 
time, in the anura there coexist both external and internal gills (fig. 
296, right side). In aU derotreme and salamandrine urodeles the 
external gills are absorbed at the time of metamorphosis (the process 
in the derotremes, fig. 295, being accompanied by an overgrowth by 



Fig. 296. — Diagram of the relations of external and internal ^Is in the anuran 

tadpole, after Maurer, ab^ eb^ afferent and efferent branchial arteries; heart; <?, ear 
cavity; J?/?, pharynx; w, radix aortas. 

the opercular fold). In the anura (fig. 296) as the operculum grows 
over the clefts, the external gills, so prominent in the earlier stages, 
are folded into the atrial chamber where they are gradually reduced, 
while those developed from the walls of the clefts become functional, 
water taken in by the mouth, passing over them in its way to the 
exterior via the atrial chamber. Then, when the metamorphosis is 
completed, the clefts are closed and the gills are absorbed, and at the 
same time the tail is reduced and the fore legs are freed and the tad- 
pole (larva) assumes the adult shape. 

The homology of the ‘balancers’ — small fleshy processes on the lower lateral- 
sides of the heads of urodele larvae — is uncertain. They appear before hatching, 
are used in keeping the larvae from sinking in the ooze, and later are dropped. 



M 


270 COMPARATR^E AIOEPHOLOGY OF VERTEBRATES 

Each has a capillary. loopj arterial and venous, and a small membiaiie boiie at 
the base acts later as its support. To the suggestion that they ma}/ be cep , auc 
gills the objection is advanced that they are not in any way coiinecte wit . t e 
visceral arches and are far in front of any gill cleft. Both balancer and external 
gill arise as an integumental outgrowth, and only later does the latter become 
closely associated with a gill arch. 

For many years the gills of the fishes were regarded as entodermal 
in origin, and from this it followed that the gills of fishes and those of 
the amphibia were different in character ^were not homologous. 
In recent years considerable doubt has been thrown on the entodermal 
character of the piscine gills. In the first place, the amphibian gills 
are certainly ectodermal, and it is improbable that structures so 
similar as the gills of these two groups should have developed in two 



Fig. 297.— Breathing valves of teleosts, after Dahlgren. A, schematic figure, the 
anterior half in the vertical, the posterior in the horizontal planej mouth of siinfisii 
(Eupomotis); 5 , branchiostegal valve; mn, 7nx, mandibular and maxillary valves; t?, 
oral valves. 

different ways in the vertebrate phylum. In several fishes there is 
evidence that the ectoderm grows inward along the line where the 
•cleft is later to open (fig. 289), and this makes it probable that 
similar conditions exist in all ichthyopsida, although the evidence 
' presented by Petromyzon points in a different direction. 'The matter 
is one of great difficulty, and cannot be regarded as settled. 

One of the most prominent differences between the sharks and the skates 
is in thepositiGn .of the gill clefts— on ..the sides of the' ^ neck’ in the former, on 
the lower surface of the body in the latter— differences brought about by the 
union of ■ the 'anterior, .appendages with the head in the skates. 

; : .;.In the sea. horses; and. pipe fishes. (lophobranchs) .the gills form small rounded 
tufts in:' the. gin. .cham'ber.^ fishes,.; many of which can live 

for some time in the air, there is a complicated bony structure — the labyrinlh— 
in the gill chamber. This is covered by a richly vascubr folded membrane 
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which is used in aerial respiration. In some of the syitibranchii there is a sac 
between the hyoid and the first branchial, arch which extends back as far as 
the shoulder girdle and is supplied with venous blood from the .branchial vessels, 
while in the siluroid Saccohranchus a somewhat similar diverticulum from the 
branchial chamber extends back along side 'the vertebral column even to the 
abdominal region. In both the walls are very vascular and the organ is 
respiratory. 

Many of the teleosts have breathing valves. Of these, the anterior pah- 
are at the mouth opening, attached to the margins of the jaws, and permitting 
the ingress but not the outflow of w-ater. The second pair is formed by the 



Fig. 298. — Dissection of pseudobranchs {ps) and cephalic circle in pike after 

Maurer. ■ cc, cephalic circle; e, vessels to eyes; g, gills; n, vessels to palate and nose;; 
/-/F, efferent branchial arteries. 

branchiostegai membrane which, closes the opercular opening, and permits, only; 
the water to flow out. The' current is caused by .the alternate enlargement' and 
constriction of the oral cavity. -The action of the valves is easily: understood' 
from'figure 297.. 

In some, fishes with an operculum Lepidostem^ Folyodm, PSyp-^ 

teruSi many teleosts), an opercular giE with respiratory functions is„developed as a.' 
s.eries of lameE® on the inner surface' of the operculum. In some elasmobranchs, 
.e.ven those; In which .the "spiracle.'is .closed, vertical folds' '(fseudobranclis) are 
developed on the anterior wail of the ..cleft. .'.These are homologous '.with gills, 
and from their ,, position .must be reg.arded aS'the demibranch.'of the posterior 
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side of . the mandibular , arch. On the other handj they are not respiratory j, as 
they, receive arterial bioodj which passes from them to the chorioid coat of the 
eye and in some cases to the brain. 

Pseiidobranchs are common in teleosts, usually lying on the medial side of 
the hyomandibular bone, but sometimes' carried up to the floor of the skull. 
When free they are gfli-like in appearance, but in some species they are covered 
by muscles- and, connective tissue (fig. 298), when they have a blood-redj, 
glandular appearance. They occur also in Lepidosteus^ most sturgeons and in 
Ceratodmihutmmt zxQiQxmdmAmia or Proto pterus, 

■ . '. In addition to what was said above regarding the amphibian gills, may be 
added that some of the stegocephals in the larval stages, had gills supported by 
gill arches, the probabilities being that these were functional. 

!/ It was formerly believed that gills proper never develop in am- 
niotes, although gill clefts were well known. More recently ecto- 
dermal outgrowths from the clefts have been found in embryo chicks 
and turtles {Chrysemys) which apparently are to be homologised 
with the gill filaments of ichthyopsida (fig. 299). They.^are very 



transitory in turtles, persisting somewhat longer in chicks; nothing 
of the kind is known in mammals. In all amniotes paired visceral 
pouches are formed in the embryo (figs. 266, 301), five in reptiles, 
four in birds and mammals — in the same way as in the fish-iike forms. 
Some of these never break through to form clefts (in man only the 
first), although their position is indicated by grooves on the outside 
of the neck. The process of obliteration of these external grooves 
is interesting. The' anterior arches, especially the hyoid, enlarge 
•and slide back over those more posterior, so that at least the external 
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branchial grooves lie in a pocket, the cervical sinus (figs. 301, 305). 
Later a process from the hyoid arch extends over and closes the sinus, 
a process recalling the history in the anura. Internally the ento- 



Fig, 300. — Cast of oropharyngeal region of pig embryo, 17 mm. long, after Fox. 
alf, alveo’iingual fold; ctm, cervical cord of thymus; dp^, dp^, dorsal apex of first and 
second pharyngeal pouches; dorsal plate of thymus;/, filiform appendix of second 
pouch; median thyreoid; lateral thyreoid; m/, submeckelian fold; sU^ sulcus 
tubo-tympanicus; thymus; vf^ vestibular fold of mouth. 



. Fig.. 301.— Head of human; embryo with pharyngeal floor Temoved, after' Hertwig, 
Cut' surfaces lined,.. Compare with ig, 26$; P, lung; c$, cervical sinus; 0, eye;, /i, hyoid 
arch; kd, hypop.hysial duct (Rathke’s.pocket); /, lung,./g, lacrimal groove; wd, mandible; 
», naris; oronasal groove; trachea.. : 


dermal branchial pouches, with the exception of the first, disappear, 
but the first persists as the tympanic cavity and the Eustachian tube 
described in connexion with the ear (p. 211). 
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PHARYMGEAL DEMVATIVES 

Several structiires arising in the pharyngeal region^ some from gill 
cieftSj some from other parts, of the walls of the pharynx, naturally 
comes for mention here, though none of them are respiratory in 
character^ 

■ ' Among these are the thynins glandSj the functions of which are 
as yet very obscure.. ^ They arise as solid outgrowths from the dorsal 
angle (the ventral^ angle in mammals) of varying number of gill 



' : Fig, , 302.— Schemes of the origin of several pharyngeal 'derivatives in (A) (B) 

' :anuraii .and (C) .chick,, after Verdun, carotid gland; .epithelial body; gf, giil-rem- 
' nants; postbranchial. body; iOT,4h3rmus; tr, thyreoid; gill pouches or clefts. . 

po.uches. Usually they are regarded ■ as entodermal, but a few ob- 
servers claim that there is:an ectodermal contribution ■ to them. . 

.. '. In, the cyclostomes apparently .all -seven (lampreys), clefts are concerned 
-, in,, ■■their,. ..development.. In , the , elasmobranchs' .■ (fig. 302,. A) ■ clefts 2-6 a.!id 
,' possibly .the spiracle, contribute;, in some instances the sixth does, not. In 
teleosts and cse,cilians,. the numbers are 2-6-; in urodeles 1-5, the: first and second 
.degenerating. In, the anura (fig. 302,-B) permanent contributions come from 
._cl,efts I and 2,. while, in the^ (fig. 302, 'C) -clefts 3 and' 4 are the, only 

; sources, ,, of thymus material. - ■ 

'■ ■ (. ■:■ These. ingrowths vascular organ,, which, by the 

■..intrusipn, of ;. connective .tissue, may, assume an acinous- .form, ..Its 
shape' '..and ■ position , .vary rather widely in, the various groups of- 
vertebrates,.':. 

the gill region have been 
interpreted as a thymus by some, by others' as pronephric in origin. 
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In the fishes the thymus is an elongate, much lobulated organ behind 
the dorsal ends of the gill arches (usually the fourth arch in teleosts). 
In most amphibia it is small and lies behind the angle of the jaw and 
the tympanic cavity, but in the c^cilians (and snakes) it consists of a 
series of elements corresponding to the clefts in position, the original 
branchiomeric character being retained. In the reptiles it is in the 
sides, of the neck (fig. 303,^), where it often consists of two or three 
sections. In the birds it is more elongate, and band-like (fig. 303, 5 ). 
In the mammals it is at first in the sides of the neck (fig. 303, C), but 
in the adult it has been carried back into the thorax, from which it 
more or less extends forward. The thymus glands of several domes- 
tic animals are sold in the markets as ^throat sweetbread/' With 





Fig. 303. — Pharyngeal derivatives in (A) lizard, (B) hen, and (C) calf, after ^de 
Meuron. c, carotid artery; jugular vein; h, heart; parathyreoid; subclavian 
artery and vein; trachea; thymus; thyreoid. 


increase in age, the gland in mammals (the whales and seals excepted) 
tends to grow (in man) until about the fifteenth year,, after which 
it becomes smaller. ' It was formerly said, to reach its maximum at 
the second year, and then gradually to . atrophy by conversion into 
fatty tissue, but it retains its functional structure until middle life. 

■ Closely ' related tO' the thymus glands in origin, but not in func- 
,tion, are a series of little-known bodies which have' been described 
under several names: epithelial bodies, parathyteoids, postbraacMa! 
bodies, ' stiprapericardial bodies, giU remnants, ultmobramcMal 
bodies,' etc. These arise from' parts 'of the^ visceral clefts, separate 
from their parent tissue, and, enveloped in connective Tissue, sink to 
, a deeper pos,ition., 
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’ . First of these to he mentioned are the parathyreoid bodies, which 
apparently, are the equivalents of the epithelial bodies. These arise 
from the ventral side of the gill pouches, except In the mammals, 
where there are more dorsal in position (fig. 304, e). Of their func- 
tions little is known except that their extirpation or disease causes 
effects recalling eclampsia. They are closely related in position to- 
either the thymus or the thyreoids, even coming in mammals (fig. 

0), to be enveloped in the thymus gland. 

In the cyclostomes cells arise at both the dorsal and ventral sides of the gill 
pouches which may be the homologues of the parathyreoids. None are known 
in fishes. In the amphibia the cells are budded from two or three clefts (fig^ 



Fig. 304. — Sections (A) of lizard and {B) of monotreme embryos, after Maurer, 
e, third parathyreoid anlage; /i, parts of heart; jugular vein; I, larynx; muscle; 
pericardial cavity; th, thyreoid anlage; tm^ thymus anlage; ventral diverticulum which 
forms thymus in mammals; X, tenth nerve. 

302, B) \ in the amniotes there are usually two contributing clefts (fig. 302, C), 
though in some there is but one. 

Even less is known of the postbran chial or ultimobrancMal bodies. These 
arise from the last gill pocket and come to lie above the anterior end of the 
pericardium. 

The carotid glands, occurring in amphibia and amniotes, arise at the forking 
of the common carotid artery into its external and internal branches. Accord- 
ing to some authors the second gill pouch in reptiles, the third in amphibia, 
contributes to them, but this is denied by others. In the birds and mammals 
they are described as products of the vascular walls, with no epithelial contribu- 
tions. Of their function in the amniotes nothing is known. In the adult am 
pMbia they lose their plexiform character and form a muscular thickening whir li 
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projects into the vessel^ and it has been suggested that this serves as an accessory 
heart. 

The thyreoid is a ductless gland in the pharyngeal region of all 
, vertebra teSj ventral to the alimentary tract. , In the lower verte- 
brates it arises as an unpaired pocket in the floor of the pharynx ^ in 
the region of the second to fourth gill clefts (fig. 302), and in the lar-, 
val (Ammocoeetes) lamprey this retains its connexion with the 
pharynx (fig. 226) until metamorphosis when it loses its duct and 
eventually becomes a complex of follicles. In other vertebrates it 



Fig. 305. — Diagram of the floor of the mouth of an embryo mammal showing the 
early stages of the tongue and pharyngeal derivatives, cs, cervical sinus; /c foramen 
cfficum; if, hyoid cleft; m, mandibular part of tongue; ^nd, mandibular arch; 0, oesophagus; 
pf anlage of parathyreoid; t, anlage of tonsil; H, tuberculum impar; tympanic mem- 
brane; anlage of thymus; ty, thyreoid anlage; 1-4, branchial clefts. 

arises as a pocket between the first and second clefts and lies primi- 
tively just in front of the pericardium. It takes the form of a 
vesicle which sends out solid cords which later become follicular. 

Usually the thyreoid is markedly bilateral, and in amphibia and 
birds (fig. 363) it divides into two glands. In the elasmobranchs it 
lies between the anterior end of the ventral aorta and the symphysis 
of the lower jaw. In teleosts the paired groups of follicles lie around 
the ventral aorta, extending laterally along' the anterior aortic- arches. 
The gland lies just behind the second arch in urodeles,. and in aM 
it is on the hinder margin of the thyreoid process of the hyoid plate. 
In reptiles it is ventral to the trachea (at about its middle in lizards — 
fig. 303, A — nearer its division in other groups), while in birds (fig. 
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303 ; B) the two glands occur at the base of the broiichi« In mammals 
it is usually near the larynx, and, while it is usually twoJobed 
, 303, €^C)y in some cases (monotremes, some marsupials, leiruirs, etc») 
it is. paired. The remains of the place of its involution can often be 

distinguished through life as a pit, the foramen cacuni (fig. 305, fc) 
,at the base of the tongue. ■ 

Like the other ductless glands the thyreoid supplies the blood witn 
substances necessary to the well-being of the organism— in the case 
of the mammals at least, an albumen containing iodine. In the 
young it stimulates growth, and the extirpation or degeneration of 
the gland results in cerebral trouble. In the ancestral vertebrate the 
thyreoid apparently had a function connected with the collection or 
metabolism of food, as is shown by its late connexion with thp 
pharynx in the ammoccete stage of the lamprey, , to say nothing of the 
probable homologues in the non-vertebrate chordates. 

In the pharynx and at the entrance of the mouth into the pharyn- 
geal cavity (isthmus of the fauces) are certain lymphoidal structures 
called tonsils^ concerning 'which our knowledge is very deficient. 
According to the older accounts they arise from subepithelial meso- 
derm; more lately they are stated to arise in part from the oral 
epithelium. The true tonsils (tonsillse palatinae), at the isthmus of 
the fauces arise as thickenings of the epithelium of the first gill cleft 
(fig- 305, i). They consist of an adenoid ground substance and be- 
come follicular after birth and contain numerous lymph cells. Less 
is known of the lingual tonsils at the base of the tongue. 

Both lingual and palatine tonsils occur only in the mammals. Besides these 
there are pharyngeal tonsils, inconstant in mammals, but well developed in 
reptiles and birds, where they lie behind the choanae. They may be the same 
as certain lymphoid structures occmring in the pharyngeal roof of amphibians. 

THE SWIM BLADDER 

While the air or swim bladder of fishes (pneumatocyst) is not a 
respiratory organ, it is included here from its possible relations to the 
lungs, it occurs only in teleostomes, and while found in most species 
(frequently absent from bottom-feeding forms— -pleuronectids, etc.) , 
is it lacking here and there, even among species classed as physosto- 
mous {Loricaria, etc.) . In the young of a few sharks {e.g., Scyllium) 
there is a pouch on the dorsal side of the oesophagus which suggests 
tile possible origin of the organ. 
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The swim bladder lies dorsal to the alimentary tracts outside of 
the peritoneum (which frequently covers only its ventral surface) 5 
immediately below the vertebrse and excretory organs (mesonepliroi)* 
In some instances it extends the whole length of the body cavity and 
(clupeids) may even send diverticula into the head. In other species 



Fig. 306. — Air bladder of Megalops cyprinoides, after de Beaufort, anus; b air 
bladder; pneumatic duct leading from tlie oesophagus; I, ligament; anterior part of 
bladder extending to skull; 5, stomach. 


it may be much shorter. In development it arises as a diverticulum 
of, the alimentary canal (fig. 248), and in the ganoids and one group 
of teleosts (physostomi) it is connected with the digestive tract 
throughout life by the pneumatic duct (figs. 306, 307). This usually 
emp ties into the oesophagus, but it may connect with the stomach. In 
most teleosts, hovrever, the duct becomes closed at an early date and 
the bladder loses its connexion with the digestive tract (physoclisti). 
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Fig. 307.-— Swim bladders of physostomous fishes; pickerel {Eso%)y B^ carp 
{Cyprinus); and C, eel {Anguilla) after Tracy. 5 , swim bladder; d, duct; g, red gland' 
oesophagus. , 

The swim bladder is usually unpaired (paired in most ganoids) 
and may be simple or divided into two (rarely three) connecting sacs 
(fig. 307) . It is usually regular in outline, but diverticula of all kinds 
are common, the form being most varied in the physoclistous species. 
Internally the walls may be smooth and the cavity simple, or it may 
be subdivided by , septa (fig. 308), or, as in Amia Lepidosteus 
(fig. 309, 5 ), it may be alveolar, recalling the condition in the lungs 
of higher vertebrates. The walls sometimes contain striated muscle, 
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and in some siluroids and c3T>rinoids they are more or less calcified, 
partly by the inclusion of processes from the vertebrse. 

The blood supply is arterial, coming from either the aorta or the 
cceliac axis, in some instances different portions receiving blood from 
both. In the wails the arteries break up into networks of minute 
vessels (‘rete mirabile’), these frequently making ‘red spots* 
variously distributed on the inner surface. From the retia the blood 



Fig. 30S. — Ventral view of opened air bladder and Weberian apparatus of MacrGnes^ 
combined from Bridge and Haddon. ^ atrial cavity; a*::, anterior cliamber of air bladder 
the arrows showing the connexion with the posterior chamber; s, sacciiius; sc^ sca|>hium; 
$k, subvertebral keel; ta, trc, anterior and crescentic processes of tripos; u, utriculus. 

passes to the body veins (postcardinal, hepatic or vertebral). In 
the ganoids and phystomous species, especially those with a wide 
pneumatic duct, the gases contained in the swim bladder may be ob- 
tained directly from tire air or water, but in the physoclists this is 
impossible and the red spots may be the place of its secretion, the 
probability being increased by the greater abundance of the spots in 
species with closed ducts. 

The gases in the air bladder ccmsist of oxygen, nitrogen and carbon dioxide, 
the oxygen usually being in greater relative amount than in the air. It is most 
abundant in fishes from deep water, rising in some cases to over 90 per cent, of 
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the gases'in the bladder. (This is possibly to be explained by the rapid' dissocia- 
tion of the oxyhemoglobin of the blood on account of a reduction of pressure 
resulting from a quick transfer from deep water to the surface.) In the physos- 
tomous fishes the gases escape through the mouth. In the physodists there is 
usually a thinner region — the so-called oval — in the dorsal wall of the air bladder 
where the gases may be absorbed, passing into the adjacent blood-vessels. • ^ 

.. While the pneumatic ' duct usually' connects with the dorsal side of the 
alimentary canal (fig. 309,. d), it enters the left side in Erythrinus (C),' and in 
the. mid- ventral line in Polypterus and Calamoichthys. In Polyptems there 
are ' paired swim bladders, the right 
being the longer. The blood in this 
genus comes from the efferent bran- 
chial arteries and consequently is 
arterial. 






The swim bladder is supposed 
to have hydrostatic functions, 
aiding in the recognition of dif- 
ferences of pressure due to changes 
in depth. In the clupeids the air 
bladder sends a diverticulum into 
the head, there giving a branch to 
each ear. In some physostomes 
(siluroids, cyprinids, gymnonoti) 
parts of the anterior vertebras are 
modified into a chain of bones 
— the Weberian apparatus- 
adapted to convey differences of 
bladder pressure to the internal 

ears. One pair of bones is con- ' . . , , , , . 

nected with the dorsal wall of the fishes, after Dean. .4, Physostomous fishes; 

air bladder, a second with a J 
diverticulum (sinus impar) of 

the internal ear, while others are intercalated between these two (fig. 
308). Changes in the distention of the bladder are thus conveyed to 
the inner ear and probably affect the sense organs. 





LUNGS AND AIR DUCTS 


Lungs arise in all tetrapoda and in a few fishes (dipnoi) a,s a diver- 
ticulum from the ventral side of the phar3mx, immediately behind 
the last gill pouch. The diverticulum divides almost as soon as out- 
lined into right and left halves, each the anlage of the corresponding 
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Miig (fig* 301)* ' As developmejit proceeds^ the two grow in a caudal 
■direction into the trunk j . carrying the peritoneum with them as they 
protrude into the coelonij so that they eventually have an entodermal 
lining, derived from the epithelium of the pharynx; an outer serous 
layer of peritoneum; with mesenchyme carrying blood- and iympli- 
vesselsj nerve and smooth-muscle fibres between the two. In this 
■^development two parts are differentiated, the lungs, the actual seat of 
, '^the exchangeof gases, and the air ducts leading from the pharynx 
tO' them. ' The ducts may consist of an anterior unpaired portion, the 
wind-pipe or tracheaj connecting with the pharynx, and usually divid- 
ing at its lower or posterior end into two tubes, the broncM^ leading to 
the two lungs. , In most air-breathing vertebrates the anterior part of 
the trachea is specialized and forms .a larynx. In addition to these 
parts, the mechanism by which air is drawn into and expelled from 
the lungs forms a part of the respiratory apparatus. 

The Air Ducts 

The opening from the pharynx into the air ducts is known as the 
glottiSj usually an elongate slit capable of being closed and opened 
by appropriate muscles. This is immediately succeeded by the 
ducts, which, except in the dipnoi, are more or less differentiated into 
regions and have skeletal supports in their walls. 

In the dipnoi the glottis is either in the mid-ventral line {Frotopierus) or a 
little to one side (Lepidosiren^ Ceratodus) and the air duct passes up on the right 
side of the oesophagus to reach the lungs which are dorsal to the alimentary 
canal (fig. 309, D). The tube is without skeletal supports and connects directly 
with both lungs without any division into bronchi. 

Larynx. — The beginnings of the larynx are seen in the amphibia, 
where in the lower types {Necturus) a pair of cartilages are developed 
on the sides of the glottis, in the position of a reduced visceral arch, 
each cartilage extending posteriorly a short distance along the air 
ducts. In other genera of urodeles the anterior end of each lateral 
cartilage separates from the rest as an arytenoid, the first of the 
laryngeal cartilages, imbedded in the walls of the glottis. The rest 
of the lateral cartilages may remain entire (fig. 310), or they may 
separate into a number of pieces, extending along the lateral wails of 
the trachea and bronchi. Usually the anterior pair of these pieces 
fuse in the mid-ventral line, thus formmg the second (cricoid) ele- 
ment of the phar3mgeal framework. These parts are removed by 
antagonistic muscles. One set of these, extending to the persistent 
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brancHal arclieSj serves as dilatators of the glottis; the others, eon- 
nected with the laryngeal cartilages themselves, constrict the open™ 
ingo In the anura the cricoid is converted into a ring, with the 
arytenoid hinged within and anterior to it, the whole larynx moving 
anteriorly to. a position between the hinder processes of the hyoid 
plate' (fig. 311). Inside of the short larynx thus framed by 'these 
cartilages are a' pair of folds of ' the laryngeal lining, the vocal 'CordSi 
extending parallel tO' the margins of the glottis. These may ,be 
tightened or relaxed, and by their vibration .of their edges under 
influence of the breath the voice is produced. 



uma^ after Wilder, a, ar3rtenoid card- frog, after Gaupp. a, ar.ytenoid; c, 
lages; fourth branchial arch; dtr^ cricoid; //, posterior part of body of hyoid; 
dilatator tracheae muscle; hp, hyo- /,hyo-cricoidiigament;:^Ltrachealproc- 
pharyngeus muscle; lung; If, trachea ess of cricoid; I, thyreoid; process of 
•With cartilages in its walls. hyoid. Cartilages dotted, bone black. 

The larynx is scarcely more developed in reptiles. The cricoid is usually an 
Ineomplete ring,' to which ' the arytenoids are attached, and the whole is placed 
'just' ventral to the median part of the hyoid, with 'which it is closely associated 
(fig. 312). In several reptiles a fold.of the mucous membrane just in" front of 
; the glottis is supposed to represent 'the' beginnings of an epiglottis (p. 285), while ■ 
in geckos and chameleons a pair of folds, running dorso-ventrally in the larynx, 
serve as vocal cords. The larynx is also rudimentary in the birds, its place as a 
"vocal 'Organ being, taken by the syrinx to be- described' below, in connexioh '.with, 
the trachea. The arytenoids are frequently ossified in birds. 

; Itt^;the:maiumals the^^ reaches its highest. developmefit.:''.''^ 

; framework is formed by the arytenoid and oricoid cartilages, ■homdlo'-' 
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gous with' those of the lower groups^ and in addition^ a thyreoid 
cartilage (or. cartilages) on the dorsal side,, anterior to the arytenoids 



Fig. 312. Fig. 313. 

Fig. 312. — ^Laryngeal apparatus of after Goppert. ar, arytenoid; 

ill St and second branchial arches; cricoid; d, dilator laryngis muscle; glottis; Jf, 
hyoid; he, hyoid cornua; sph, sphincter iaryngis; tr, trachea; cartilage dotted, bone black . 

Fig. 313. — Ventral and side views of monotreme larynx, after Gegenbaur, . cr, 
cricoid; /2, hyoid; thyreoid; /f, trachea. 


Fig. 314. — Dorsal and side views of larynx of opossum, Didelphys mrgmianu^ 
(Princeton, 1739), cartilages dotted, a, ayrtenoid; c, cricoid; e, epiglottis; g, glottis; h 
hyoia; I, ligament; t, trachea; th, thyreoid. 1 


and cricoids. The origin of the thyreoid is best seen in the mono- 
tremes where the hyoid apparatus enters into close relations with the 
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larynx (fig; ' 313), while the second and third branchial cartilages 
form two plateSy the lateral elements- of the thyreoid on either side^ 
the median element of the hyoid forming a copula. In the higher 
mammals the ' association of hyoid and larnyx is not so intimate, 
even in the embryo, but the thyreoid shows its double origin in its 
development. ' • 

In the higher mammals the thyreoid cartilage forms a half ring on 
the ventral side of the anterior end of the larynx, its' anterior dorsal 
angles being' produced into cornua connected by ligament with the 
hyoid (fig. 314). Dorsal to the thyreoid is the glottis with the aryte- 
noids in its walls. Posterior to it is the ring-shaped cricoid, following 
which is the trachea. Anterior to the glottis is a fold of the mucous 
membrane of the pharynx, the epiglottis, supported by an internal 
cartilage (possibly the fourth branchial arch) which articulates with 
the anterior margin of the thyreoid. The epiglottis usually stands 
erect, leaving the glottis open for respiration, 
but during deglutition it is pulled back into 
the glottis, thus preventing the entrance of food 
into the trachea. 

Internally the cavity of the larynx bears 
a vocal cord on either side. These are folds 
of the mucous membrane, extending from the 
thyreoid to the arytenoids, and by movements 
of these latter cartilages they can be tightened 
or relaxed, thus altering the pitch of the note 
caused by their vibration. Anterior to these 
cords is a pocket, the laryngeal ventricle (sinus 
of Morgagni) on either side, small in most 
mammals, but developed in the anthropoid 
apes to large vocal sacs (in the chimpanzee 
there is a median vocal sac in addition), 
which act as resonators, adding to the strength of the voice. 

In the whales and young marsupials the larynx is prolonged so that it pro- 
jects into the choana behind the soft palate. In the whales (fig. 315) this is an 
adaptation to the manner of taking food from the water and breathing at the 
same time. In the young marsupials the milk is forced into the mouth by 
the muscles of the mammas of the mother and this '"arrangement' 'prevents 
/■atrangulation.:- 'I'' 

Trachea. — In the tetrapoda,the trachea is strengthened by the 
formation of cartilage in its walls, the beginnings of which are seen 



Fig. 315, — Larynx of 
Xiphius cavirostris (after 
Gegenbaur) from side, 
showing the prolongation 
of epiglottis (e) and aryte- 
noid (a) which project 
into the choana; cri- 
coid; thi thyreoid. 
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in the urodeles where the fifth branchial arch gives rise to these ele- 
ments (p. 282). Their arrangement varies considerably in the 
urodeles and csecilians, being sometimes scattered pieces, sometimes 
regularly arranged and even united in the lateral walls (fig. 3^®)- 
Corresponding to the posterior position of the lungs the trachea is 
long in these groups, but in the anura it can scarcely be said to exist, 
the lungs succeeding almost immediately to the larynx. 

In the reptiles the trachea varies in length, being shortest in 
lizards (except amphisbfenas), longer in snakes, tortoises and croco- 
diles, dividing into bronchi at varying distances from the lungs. 
It is frequently convoluted in turtles. In many reptiles the cartilage 
rings of the trachea are incomplete, but in Sphenodon (fig. 321), 
lizards and some snakes some cartilages (usually the more anterior) 

form complete rings, the others being 
completed dorsally by membrane. In 
snakes the successive rings are often 
united, especially on the sides. 

The trachea is greatly elongate in 
birds in correlation with the length of 
the neck and the position of the lungs 
within the thorax. The rings, which 
are usually complete, are frequently 
ossified. The trachea is occasionally 
(male ducks, etc.) widened in the middle 
and in various groups becomes greatly 
convoluted so that its length from the 
glottis to the lungs exceeds that of the 
neck. In some these convolutions 
occur beneath the integument of the 
thorax; in some between the sternum 
and the muscles; and in the cranes 

Fig. 3i6.-Syrin.x of canvas-back swans within the keel of the 

duck, Aythya^ laid open (Princeton sternum. 

i>,',broncM; :^,.pessulus; tra- ■■ ■ ' -i ... 

■: ckea; tympanum. . . tne Istrynx IS never the organ of 

voice -in the, birds, ' its place being ' 

taken by a somewhat similar structure, the syrinx, at the division of 
the trachea into the bronchi. The sound-producing elements are 
membranes which vibrate by the passage of air, as do the vocal cords 
of mammals. Most common is the broncho-tracheal syrinx, in which 
the last rings of the trachea are united to form a resonating chamber. 
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the tympanuini while folds of membranej internal and external 
tympanic membraiies (not to be confused with the similarly named 
structures in the ear, p. 211), extend into the cavity from the median 
and lateral wall of each bronchus. In some cases there is also an 
internal skeletal element (pessulus) which bears a semilunar mem- 
brane on its lower surface. In many birds this type of syrinx is 
often asymmetrical. (fig. 316) and is expanded into a (usually) bony 
resonating vesicle. ^ In the tracheal type of syrinx the lateral portions 
of the last tracheal rings disappear and the membrane which closes 
the gap forms the vibratile part (fig. el, il). In the bronchial 
syrinx the membranes occur between two successive rings of each 



bronchus each ring being concave toward its fellow.. By a shorten-, 
ing of the bronchial wall these membranes are forced as folds into 
the tube.' In all types of syrinx there are muscles attached to trachea 
and bronchi, which, by moving these parts,, alter the tension. of the 
folds, thus changing the note. ■ 

In the mammals the . trachea is- . elongate, (shortest 
and sirenians, 'dividing in the latter immediately, behind, the'- cricoid 
into the two bronchi), and the cartilage rings^ are usually incomplete 
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dorsallyj the gaps being closed by membrane. This structure causes 
the tube to remain open under ordinary, conditions and yet allows it 
to give when food is passing down the cesophagusj just dorsal to it. 
In the cetacea and sirenia the tracheal cartilages are sometimes 
spirally arranged. 

Lungs 

The morphology of the lungs may be understood by following 
their development in the mammals and then describing their modi- 
fications in the various classes of vertebrates. As stated above the 




^ Fig. 318. — Two stages in the deveiopment of the lung of the pig, ventral views, after 
Flint. A, pig 5 mm. long; 18.5 mm. long, b, gill pouch; 4 , 1 , v, dorsal, lateral and 
ventral bronchi; oe, oesophagus; t, trachea. 

Fig. 319. — Scheme of mammalian lung structure, ad, alveolar duct; h, bronchus; 
fl, bronchiole; i, infundibulum lined with alveoli. 

lungs arise as a diverticulum (fig. 318, . 4 ) on the ventral side of the 
pharynx; this quickly divides into two sacs, the anlagen of the two 
lungs. These are gradually pushed posteriorly toward the body 
cavity, still retaining their coimexion with the pharynx by the air 
duct, and each consisting of an enlarged terminal vesicle connected 
by a slender portion (the beginning of the primary bronchus) with 
the undivided tracheal portion. With continued growth each ter- 
minal vesicle divides again and again, the result being a number of 
rounded vesicles connected with the primary bronchi by slender 
tubes, the secondary bronchi (fig. 318, B). By a continuation of this 
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process tertiary and other bronchi are outlined, and also slender tubes, 
the bronchioles, to be . described later, which connect the terminal 
vesicles with the ultimate bronchi.' Next, the inner wall of each' 
vesicle becomes divided into small chambers, the alveoli^ the whole 
vesicle now being known as an infundibultim (fig. 319).' The result 
: of these many divisions is an enormous amount of internal respiratory, 
surface without great increase in the size of the whole, organ. It is' 
to be noticed that in this subdivision the entodermal lining takes the 
initiative, the outer (serous) surface showing but slight signs of the 
internal modifications. ■ 

Each infundibulum has its own duct which, when smooth inter- 
nally, is called a bronchiole ; when lined with alveoli, an alveolar duct 
The alveoli of infundibulum and duct are lined with squamous 
epithelium, and in the walls is. an extensive network of capillary 
blood-vessels. The lining cells of the bronchioles are cubical and 
those of the bronchi ciliated columnar. There are no skeletal ele- 
ments in the bronchioles, but the bronchi have small cartilages in the 
walls, these exhibiting a tendency in the larger tubes to approximate 
the rings or semi-rings of the trachea. 

In mammals before birth, the lungs are small and the alveoli are lined with 
cubical epithelium. With the first inspiration the lungs expand and the lining 
cells of the infundibula are stretched into squamous epithelium, a condition 
which persists throughout life. 

In their backward growth into the coelomic region the lungs either 
insinuate themselves dorsal to the lining of the dorsal side of the 
body cavity (dipnoi and a few scattered forms) so that only their 
ventral surface has a serous coat; or they grow out as free structures, 
covered on all sides by the coelomic epithelium, and are bound to the 
dorsal wall by a mesenterial-like fold of varying extent. This outer 
coat of epithelium has received the name of pleura, the term being ex- 
tended in the case of the mammals to include the whole lining of the 
pleural cavity, separated from the rest of the coelom by the dia- 
::phragm (p. 3:46). ' ' 

DIPNOI. — In Ceratodiis (fig. 309, D) there is a single lung sac; Protopterus- 
and Lepodosiren have paired lungs, the two being united in front at the entrance 
of the air duct. In all three the inner surface is divided more or less regularly 
into groups of alveoli, separated by more prominent, partitions. The pulmonary 
arteries arise from the last efferent branchial artery of either side, and hence the 
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blood supply y. 'under xiorinal conditions, is arterial - and the lungs cannot act as 
respiratory organs. In times of drought {Frotoptcrus) or of foul water 
(CeraMw^) the gills no longer, function and the pulmonary arteries, bring 
venous 'blood to the lungs. 
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AMPHIBIA— In the lower urodeles the two lungs are elongate 

(the left the longer) and are united at 
their bases, true bronchi being absent. 
Internally they may be entirely 
smooth as in Necturus, or there may 
be alveoli in the basal portion (fig. 
320), the whole representing a termi- 
nal vesicle either connected directly 
with the trachea (A) or by the in- 
tervention of an alveolar duct (B). 
In the csecilians the left lung is very 
short, the other elongate, with alveoli 
developed throughout. In the frogs 
(fig. 320, C) the two lungs are distinct, 
and their walls are divided into a series 
of sacs or infundibula lined with 
alveoli. The infundibula open into 
a central chamber, which, since it is ciliated and has numerous glands 
in its walls, may be compared to a bronchiole. In the toads and 
aglossa the alveoli are more extensively developed in correlation 
with the more terrestrial habits. 


B 


Fig. 320. — Different types of am- 
phibian lungs. ^4, without 

alveoli; alveoli in the proximal por- 
tion; C, frog, alveoli throughout. 


■' ; It has recently been shown that a, number of terrestrial urodeles are luiigless 
in all stages of development, and that no traces of larynx or trachea occur, even 
after the gills are absorbed. In these species there is a great development of 
capillaries in the skin and in the wails of the mouth and pharynx, the respiratory 
functions-: to- these parts.: .'In the frogs the skin is also respira- 

tory and it is largely supplied by the cutaneous arteries which arise from the 
same arch as the pulmonary arteries. 


In the amphibia the air ducts enter the anterior end of the lungs, 
but in the amniotes the lungs extend anteriorly to the entrance of the 
bronchi which is on the medial side (fig. 322, B). This change is in 
part the result of the transfer of the heart 'into the thorax, the position 
of the pulmonary arteries forcing the bronchi toward the centre of 
the dungs. In the amniotes, also, the ducts are characterized by the 
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presence of cartilage in tlieir walls, so that they are true bronchi,: 
These bronchi may also extend inside of the lungs, often dividing into 
secondary and tertiary bronchi inside them. 

REPTILES. — In many reptiles (snakes, amphisbaenans, many 
skinks) the lungs are asymmetrical (left usually larger in snakes, right 
in lizards) and exceptionally one may be absent in snakes. The 
internal structure shows considerable variation. The simplest con- 
ditions are found in the snakes and in Sphenodon (fig. 321), where the 



Fig. 321. Fig. 322, Fig, 323. 


Fig. 321. — ^Lungs of Sphenodon, after Gegenbaur; the left lung opened to show the 
alveoli.. , . 

Fig. 322.-— Jl, left lung of Iguana; B, right lung of Varanus, after Meckel. bron- 
chus; c, connexion between dorsal and ventral chambers; cb, main bronchus; d, dorsal 
chamber lateral bronchi; s, septa; sb, secondary bronchus; ventral chamber. 

Fig. 323. — ^Lung of chameleon (Wiedersheim). bronchus, dividing into three 
bronchi (c) which open into the three chambers lorraed by the two incomplete septa, s> 

lungs consist of a single sac lined with infundibula in the basal portion 
(snakes) or throughout {Sphenodon). In' .the lizards (fig. 322) .one 
or more^; vertical partitions, or septa extend from the distal wall of the', 
iung: nearly, to the entrance of, the bronchus, thus dividing the.,. lung', 
into, 'chambers lined; wit^ alveoli;, while, a. part' of, the bronchus-: may.::, 
.extend'" (main bronchus, fig. 322, B) to the extremity of the, lung." ' ,: In- 
.,the;,'^ehameleons (fig. ''.323) the^.septa■:;do: not';reach' the : distal: wal' so 
that the chambers communicate, here as well as at the proximal side, 
the result being, that the' bronchus.,' enters- a cavity,- the atrit^ 
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which connects with the chambers separated by the septa^ and these 
in turn open into a terminal vesicle,- a condition recalling the paia- 
bronchi ' of the birds, soon to.be described. /I his reseiiibla.nce is 
heightened by the development in these same lizards of long, thin- 
walled sacs from the posterior part of the lung which extend among 
the Adscera,, even into the pelvic region. These air sacs, which are 
used to inflate the body, foreshadow the similarly named structures 
ill the birds, ' In. the higher lizards {Varanus.fig^ 322, B) and in.. the 



Fig. 324. — Diagrams of {A) dorsal and {B) ventral aspects of lung of lien, after 
Locy and Larsell. a, point of connexion of mesobronclaus with abdominal air sac; 
ai, region of recurrent bronchi from anterior intermediate sac; af®, connexion of anterior 
intermediate sac with bronchus; bronchus; c, attachment of cervical sac; d, roots of 
dorsibronchi; ec^ ectobronchi; en, entobronchi;^/, laterobronchi; w, connexions of 
lateral and mesial moieties of interclavicular sac; pf connexion of posterior intermediate 
sac; retrobronchi from air sacs. 

turtles and crocodiles there is no atrium, the bronchus, on entering 
the lung, breaking up into several tubes. As these connect -wdth 
smaller tubes which lead to the infundibula, the whole lung has a 
spongy texture. Also, in the turtles the partitions are not vertical, 
but extend from medial to lateral side, and-correlated with this, the 
entrance of the bronchus is on the ventral side of the lung, not as in 
lizards (fig. 322) on the medial side. 

f BIRDS. — The lungs in the birds are closely connected with the 

ribs andvertebralcolunm'andhenceundergo less considerable change 
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of shape than do the lungs in other groups. Their structure is peeu« 
ilar. Each bronchus enters the medio ventral side of the correspond” 



Fig. 325.— Diagrammatic side view of bird lung, showing the parabronchi connect- 
ing ecto- and entobronchi, after Locy and Larsell. I?, bronchus;^ ec, ectobronchi; 
entobronchii, 0, abdominal orifice, point of connexion with abdominal air sac; para- 
broncM; f, impressions of ribs. 

ing lung and immediately enlarges into a vestibule or atrium (not 
shown in fig. 324)5 beyond which it continues as a main trunk, the 
mesobronchus, to the distal end of 
the lung. From this mesobronchus 
secondary bronchi arise, these being 
called entobronchi j ectobronchi, 

laterobronchi and dorsibronchi, ac- 
cording to their position. These 
secondary bronchi divide and give off , 




Fig. 326. Fig. 327. 

Fig. 326. — Sectioa of lung pipe with radiating infundibula, after Schulze. 

Fig. 327. — Ventral view of lungs and air sacs of twelve-day chick embryo, after 
Locy and Larsell. ai^ anterior intermediate sac; a, abdominal sac; c, cervical sac; I, 
lateral moiety of interclavicuiar sac; lu, lung; mesial moiety of interclavicular sac; 
oesophagus; posterior sac; ty trachea. 

small tubes of uniform diameter — the air pipes or parabronchi (fig. ■ 
325)— which connect at the other end with^ others of the secondary 
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bronchi. The result of this is that there is no ‘bronchial tree’ like 
that of mammals, but a series of anastomosing tubules forming circuits 
within the lungs. No tubes end blindly. Each parabronchus bears 
numbers of elongate diverticula, radially arranged, with a narrower 



Fig. 32S. — Air sacs and canals of pigeon, after Bruno Muller, intertransverse 

canals; da^ axillary sac and its ventral diverticulum; canal for ribs; dcd, infra- 
clavicular canal; ds^ subscapular sac; dst, sternal canal; pc^ preacetabular canal; sai^ 
sas^ right and left abdominal sacs; sCj cervical sac; sia^ sip, anterior and posterior 
. ' . dEtermediate sacs. . v:. 

basal portion and a larger, lobulated, and frequently branched 
distal part (fig. 326). Apparently the parabronchi are to be com- 
pared with the bronchioles, the diverticula with the infundibula of 
Ththeh-yertebmtes. ^ :' ■ ■ . : 
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„■ Another feature : in the birds is the presence of air sacs, 
mesobronchus and usually four of the secondary bronchi do not stop '-'-f, 

■at the lung wallj but are continued as thin-walled sacs, which occur in 
all living" species of birds. , Each of these sacs has received several 
names; for details of these reference should be had to special works. 

The interclavicnlar sac lies anterior to the furcula. It arises' from 
two parts on either side of the body (fig. 327),. but these usually 
unite so that the result is an unpaired structure. The cervical sac 
of either side lies at the base of the neck and gives off a branch which 
extends to an axillary sac in the region of the axilla. The other sacs 
lie in the trunk, lateral to the viscera, and are called the anterior 
intermediate, posterior intermediate, and abdominal, the relations of 
which are shown in figures 327 and 328. These sacs receive their air 
from the ends or from branches of the bronchi. Recently it has 
been found that the air does not return by the same passages, but 
that there are recurrent bronchi leading from the air sacs back to the 
lungs (fig. 324). From the air sacs slender tubes extend among the 
viscera and into certain of the bones. The pelvis, humerus, ster- 
num, coracoid, and ribs most frequently contain prolongations of the 
air sacs— -are pneumatic, less frequently the femur,, furcula and 
scapula. 


Usually there are eight. entobronchi (fig. 324), these arising from the medial 
side of the mesobronchus, but bending to the ventral side of the lung. The 
ectobroiichi vary in number from six to ten. They arise on the dorso-median 
side of the mesobronchus and pass to the dorsal side of the lung. The iatero- 
bronchi are comparatively few. They supply the lateral part of the lung. The 
dorsibronchi are smaller and more numerous than the others, some arising from 
the ectobronchus and some from the mesobronchus. In the chick there are 
about', twenty-five of these. ■ 

The cervical air sac is connected with the second entobronchus (fig. 324). 
The duct leading to the anterior intermediate sac arises from the middle part of 
the mesobronchus, that for the posterior intermediate 'from onC' of the iatero- 
broncM, while' the , abdominal sac is a direct continuation of the meso- 
bronchus. .;Of the recent 'reptiles only the chameleons have anything like air 
sacs. The bones of ' the, fossil bird Archmopteryx were not pneumatic, but those 
of some of' the' extinct dinosaurian reptiles, were. ’ ' 

, ^Tbere'is'consid'erable uncertainty 'as to the functions: of",' tbe air 
sacs. , The fact that the walls are supplied with arterial. blood, to- 
gether with the absence of any respiratory capillary network, nega- 
tives the idea, that 'they are tO' any great extent respiratory. It has 
been suggested that they are concerhed' .with the maintenance of 

and 


that they also 'lessen the specific gravity 


equilibrium ,during .flight 
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of the body ; that they play a part in the reduction of the bodily tem- 
perature in correlation with the absence of sweat glands, and that, 
where they extend between muscles, they reduce the friction. More 
plausible is the view that, by the motion of the parts by which they 
are surrounded, they aid in the inspiration and expiration of the 
air, especially during flight, thus allowing the thoracic framework to 
remain rigid as an attachment of the muscles, and at the same time 
permitting the air to pass twice over the respiratory surfaces of 
the lungs. 

MAMMALS.— The general structure of the mammalian lung is 
outlined above (p. 288). Each lung is entirely enclosed by the 
pleural membrane, and the pleural cavity in which it lies is entirely 
cut off from the rest of the coelom by the diaphragm, which is usually 
transverse to the main axis of the body, but is oblique in the whales. 
The external shape of the lung is largely due to the position in the 
plj^ural cavity, where it has to fit on either side of the pericardium, 
while the presence of the diaphragm causes the posterior surface to be 
truncate. In some mammals the lungs are simple and without 
division into lobules (whales, elephant, odd-toed ungulates, Hyrax) 
and in the monotremes only the right is' divided. Elsewhere both 
lungs are lobed, but the lobes (varying in number from two to six) 
are more numerous on the right side. 

Internally there is a main bronchus from which dorsal and ventral 
secondary bronchi arise, the latter dividing in a dichotomous manner. 
In most mammals the bronchi are strengthened by cartilages which 
form rings in the larger, scattered pieces in the smaller trunks. Fre- 
quently one or both anterior (apical) bronchi lie in front of or above 
the pulmonary artery and these are called eparterial bronchi, the 
others being hyparterial, but the distinction is of little morphological 
importance (fig. 318). 

In one of the whales {Pontoporia) the eparterial bronchus of one side leaves 
the main trunk close to the larynx and outside the lung, so that here there are 
apparently three main bronchi. It is estimated that there are over 400,000,000 
alveoli in the human lung. 

The phylogenetic history of the lungs is uncertain, one view being 
that they have developed from the air bladder of fishes, the other is 
that they are modified gill pouches, which, instead of growing later- 
ally and opening to the exterior, have extended caudally and have en- 
croached upon the coelom. Favoring thfe first of these views is the 
double condition of the bladder in some ganoids, and e.specially in 
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Polypterus^ mhidi is looked upon as representing the, ancestors of the, 
tetrapoda. Here the walls of the bladder have alveolar walls like, 
the lungs of higher vertebrates, while the pneumatic duct and the 
blood supply are like , the corresponding structures in the tetrapoda. 
On the other hand, the dorsal, position of the pneumatic duct and 
the arterial blood supply in fishes are difficult to reconcile with con- 
ditions in the higher vertebrates. Favoring the other view are the 
following facts. The lungs are paired outgrowths from the pharynx 
immediately behind the last gill clefts and in serial order with them; 
the blood supply from the sixth arterial arch is in full accord with 
this view; while the skeletal supports of larynx and trachea have, in 
the early stages and more primitive forms, the relations and appear- 
ance of rudimentary gill arches; and the muscles of the region are 
modified from those of the visceral arches. 

The mechanisms by which air is caused to enter the lungs (in- 
spiration) or is expelled from them (expiration) differ considerably 
in the various classes. In the amphibia air is drawn into the mouth 
via the nares by depressing the floor of the oral cavity. Then, the 
nares being closed by small muscles, the contraction of the mylohyoid 
muscle forces the air into the lungs. Expiration is affected in part by 
the elasticity of the lungs, in part by the muscles of the body wall. 
In most reptiles the position of the ribs is changed by the action of the 
intercostal muscles, thus altering the size of the pleuro-peritoneal 
cavity, to accommodate which air is drawn into and expelled from 
the lungs. It is difficult to understand how inspiration is effected in 
the chelonia, but transverse muscles run ventral to the lungs, and 
these by their contraction, expel the air. Inspiration in other 
reptiles is not understood, expiration is effected by the muscles in 
the walls of the lungs and by the transverse abdominal muscles. In 
the birds the lungs are attached to the ribs and vertebrae, so that any 
motion of the latter necessitates a change in shape and size of the 
lungs. In addition the air sacs, as noted aboye, may play a part in 
the movement of the air. 

In the mammals the ribs are hinged at an oblique angle to the 
vertebral column, the angle being changed accordingly as the inter- 
costal muscles are contracted or relaxed, and,, thus the size of the 
thoracic cavity is increased or diminished.' Then the diaphragm 
(p, 146) also plays an important part in this alteration in 'size. This 
transverse muscle forms a complete partition between pleural and 
peritoneal cavities, projecting into the former like a dome when re- 
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laxed. When it contracts it flattens, thus increasing the size of the 
pleural cavity and drawing air in through the trachea. The abdom- 
inal muscles also have their effect. Expiration is caused in part by 
the action of the intercostal and abdominal muscles, in part by the 
elastic tissue and smooth muscles in the lungs themselves. 

ACCESSORY RESPIRATORY STRUCTURES 

Allusion has already been made to the pharyngeal and dermal 
respiration of the amphibia (p. 290). Some turtles have a similar 
pharyngeal respiration. There are several fishes in which the hinder 
part of the alimentary tract is also respiratory. Thus in Cobitis 
water is drawn in and expelled from the anus, and the posterior half 
of the digestive canal is richly vascular and is the seat of considerable 
respiration. 

Before hatching or birth the lungs of the amniotes are unable to 
function, while a certain amount of oxygen is necessary for the 
development, arid the carbon dioxide formed must be carried away. 
This respiratory function is assumed by the allantois. The allan- 
tois (figs. 329, 432) is a ventral diverticulum from the hinder part of 
the alimentary canal, which during fcetal or embryonic life, acquires 
a relatively enormous development. It extends beyond the body 
limits and in reptiles and birds comes into close relations with the 
porous egg shell, while in the mammals it plays an important part in 
the formation of the placenta through which the foetus receives 
oxygen from the maternal blood and passes carbon dioxide to her 
veins. In all these the allantois is extremely vascular, developing 
a rich network' of blood-vessels close to the shell (sauropsida and 
monotremes) or to the walls of the maternal uterus (mammals), which 
serves for the rather limited exchange of gases necessary for the 
young. After free life begins the allantois is either absorbed (saurop- 
sida) or is lost with the rest of ’the placenta (mammals), only the 
basal part persisting as the urinary bladder, described in connexion 
TOth the urogenital system. 

ORGANS OF CIRGBLATION 

The functions of the circulation are two-fold: to carry food and 
oxygen to the tissues and organs of the body and to remove the waste 
from them. In addition it has been made probable that every ac- 
tivity of the body results in the formation of peculiar substances— 
activators or hormones— which have fixed and definite effects upon 
the various organs. These pass into the blood and form the stimulus 
which may cause other organs or cells, remote from the place where 



ORGANS OP CIRCULATION 


299 


the activator is formed, to act. This subject is a new one and much 
may be expected from it in the future; it belongs, however, to the 
field of physiology. 

The structures concerned in the circulation are two fluids, the 
blood and the lymph; and the vessels (vascular system) in which the 
fluids circulate, certain parts of the vessels being specialized (hearts) 
for the propulsion of the blood and lymph. A blood heart occurs in 
all vertebrates in connexion with the blood circulation; most verte- 
brates have l5Tnph hearts in connexion with the lymph- vessels, but 
in the higher groups the flow of the lymph is due to the blood pressure 
and also to the motion of the parts through which the lymph- vessels 
course. 

BLOOD AND LYMPH 

The two circulating fluids, blood and lymph, are much alike. 
Each consists of a fluid portion, the plasma, in which float numer- 
ous solid particles, the corpuscles. The plasma is colorless or slightly 
yellow and can be separated by clotting into a solid part, fibrin, 
and a fluid, the serum, which is, under ordinary circumstances, 
incapable of clotting again. The lymph plasma contains less of 
the fibrin-forming substances (fibrinogen) than does the blood 
plasma. The composition of the plasma is very complex. Besides 
water it contains proteids, extractives, salts, and a number of less- 
known substances, internal secretions, enzymes, etc. The plasma 
can also absorb a considerable amount of carbon dioxide. It serves 
to carry nourishment to the tissues and takes away from them the 
waste of metabolism. 

The corpuscles are of three kinds, erythrocytes, leucocytes and 
blood plates. Only the leucocytes occur in the lymph while the 
blood contains all three. 

The erythrocytes, or red corpuscles give the blood its color. 
They have fixed outlines and are flattened oval discs in the non- 
mammals (except cyclostomes) and the camels, circular biconcave 
discs in the other mammals, and in all except the mammals they are 
nucleated throughout their existence. They owe their color to an 
iron-containing proteid, heembglobin, which readily combines with , 
oxygen and to a less extent with carbon dioxide and as readily gives 
up these gases in places where they are scanty. This renders the 
erythrocytes the respiratory elements of the blood. 

It has recently been stated that the erythrocytes of the mammals are hat- 
shaped (hollow cones) while inside the blood-vessels, and that they assume 
the binocave shape after leaving them. This account has been disputed. 



300 COMPARATIVE MORPHOLOGY OE VERTEBRATES , 

' The size of the erythrocytes varies in diferent vertebrates^ being the largest 
in the amphibia {AmphiuMa) and smallest in the mammals (musk deer), A 
few measurements are giving here in microns (o.ooi mm.). Where two dimen-, 
■sions are given they are the length and breadth of the oval corpuscles. Musk 
deer, 2.5/^; man, 7.7/i; hen, 7xi2ju; carp, 9x15/4; frog, 16x25/4; Necturus, 

; 31x58.5/4'; 44.5x73/4. 

In the higher vertebrates the red corpuscles arise by division of giant cells 
(eiytliroblasts) in the red bone marrow, but in the young and at times of great 
depletion of the blood new red corpuscles may be formed in the spleen and the 
liver. At first all are nucleated, but in the mammals the nucleus is soon lost. 

, The leucocytes or- white corpuscles (divided accordingly^ as they 
occur in blood or lymph into leucocytes and lymphocytes) are very 
variable in shape (amoeboid) and may be uni- or polynucleate. By 
their amoeboid motions they are able to pass through the endothelial 
walls of the capillaries and to pass among the cells of the different 
tissues, hence they are often called wandering cells. They have the 
power of ingesting foreign bodies which renders them of value in 
combating pathogenic organisms; and they also aid in the absorb tion 
of fats and peptones. 

The blood plates are very little known. Their size is less tlian 
that of the red corpuscles and they rapidly degenerate when drawn 
from the vessels. They are circular or elliptical in outline. 

THE BLOOD-VASCULAR SYSTEM 

The blood-vessels include the arteries, which carry the blood from 
the heart to all parts of the body; the veins, which bring it back, and 
the capillaries, minute tubes, which connect the ends of the arteries 
and veins, for the sj^stem is closed, and there is a complete circulation. 

Since all transfer of gases and nourishment takes place through 
the capillaries, these vessels have extremely thin walls, consisting of 
a single layer of squamous epithelium, the so-called intima (fig. 330, 
left). Usually, as the name implies, the capillaries are very siBal! 
in diameter, but attention has recently been called to the sinusoids, 
vessels with similar walls but larger in diameter, which are noticealffe 
in some developing organs, especially the liver. Here also must be 
mentioned the retia mirabiHa, places where an artery or vein sud- 
denly breaks up into .a network of ^ small vessels (often capillary) 
which unite again, as in the chorioid' plexuses of the brain, the red 
bodies 9f the swim bladder, the pseudobranchs and in the glomeruli 
of ^ the kidney, to form a vessel-as large .as before. In the lymph 
nodes there are similar networks of the lymph-vessels. 



Fig. 32Q. — Embryonic circulation of snapping turtle, Chdydra^ showing relations of 
allantois, after Agassiz and Clarke. <z, right auricle; al, allantois; av, allantoic vessels; 
4?, caudal vein; da, dorsal aorta; h, hypogastric artery jugular; /, liver; oa, ov, omphalo- 
mesenteric artery and vein; pc, post-cardinal; sc, subcardinal vein; uv, umbilical vein; Wj 
WolfSan body; y, yolk sac; 3-6 aortic arches. 

to greater pressure than the veins their walls are relatively much 
thicker, but in other respects the two are much alike, except that 
valves to prevent the backflow of the blood, may occur in the veins, 


Fig. 33o.*y-Diagram of artery or vein. At the left the intima alone; covered in the 
middle by the muscuiaris, and at the right with the adventitia added, 

especially those' which ' are vertical in the normal position of " the'" 
animal (legs), ’ . 

It has been suggested, with much plausibility, that the main blood-vessels 
are the remnants of the segmentation cavity, which elsewhere has been obliter- 
ated by the increase of the mesoderm. As will be recalled (p. x6) the meso- 
: thellum grows toward the middle line above and below the digestive tract, thus 
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Arteries and veins (fig. 330) are larger than the capillaries: and 
they have their walls strengthened outside of the intima by layers 
of smooth muscle fi.bres (muscle wall) and connective tissue/mostly 
elastic (adventitial wall) (fig. 330). Since the arteries are subjected 
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tending to narrow tlie segmentation cavity in these 'regions into two longi- 
tudinal tubes. The epinierai part of the- mesotheiium divides into somitesj, 
and of course the segmentation cavity extends between thesCj and as these 
somites grow downward^ these lateral extensions of the segmentation cavity are 
carried ventraliyj so that at last they. form a series of pairs of transverse vessels 
connecting the longitudinal . trunks, thus forming the vessels of the somatic 
walL Other tubes,, connecting the dorsal and ventral trunks, would form 
between the two walls of the mesentery and between the splanchnic mesoderm 
and' the entoderm, thus outlining the vessels of the alimentary tract. 

'■ Even more speculative is the suggestion that the original circulation was 
lymphoidai and that the blood ' circulation is a specialization of a part of this, 
the dehnitive lymph-vessels being the unmodified part of the, primitive system 
of vessels. 

An appreciation of this probable ancestral condition makes the 
actual structures more easily understood. In development much of 
this phylogenetic history has been lost, while other parts have been 
masked by the development of additional vessels. Many vessels, 



Fig. 331.— -Diagram of the primitive vertebrate circulation, anus; a/, alimentary 
canal; abdominal vein; ca, caudal artery and vein; dc, dorsal aorta; heart; tV, 
Intercostal (somatic) transverse vessels; ivj intestinal vessels; fn^ mouth; subintestinal 
vein; zia, ventral aorta. The arrows indicate the direction of the flow of the blood. 

which theoretically should arise as spaces between other tissues, are 
actually formed as solid cords of cells, which are later canalized and 
converted into tubes. Again, separate vessels of the embryo may 
fuse during development into a single vessel of the adult. 

The chief features of the theoretically primitive condition may 
be summarized here (fig. 331). A dorsal tube carries the blood 
toward the tail. From this transverse vessels — right and left, so- 
matic and splanchnic — arise, which connect with two ventral longi- 
tudinal tubes, one in the wall of the alimentary tract and extending 
forward to its junction with the second which runs in the ventral body 
wall, a single tube coursing from the point of union to the anterior 
end of the body. In Amphioxus various parts of this system develop 
muscular walls and. act as pumping organs. In the vertebrates, so 
far as the blood system is concerned, there is a single pumping organ, 
the heart (the portal heart of the myxinoids may be ignored in this 
general statement). The heart arises in the ventral tube, beneath 
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the pharynx and anterior to the junction of, the 
It marks the line of . division of the trans- 
verse , tubes into ascending and descending, 
those in front of the heart carrying the blood 
upward while those behind return it to the ven- 
tral vessels which carry it forward. The trans- 
verse vessels are not continuous, but ■ cap- 
illaries intervene between their dorsal and ven- 
tral moieties. ' 

With this introduction, an outline of the cir- 
culation in the lower vertebrates (ichthyopsida) 
and ill the embryos of the amniotes may make 
the following clearer.. 

In all vertebrates the heart lies on the ventral 
side of the alimentary canal in a pericardial sac 
which is a part of the ccelom (p. i8). In the 
heart as soon as it is functional, several parts are 
differentiated. At the posterior end is a thin- 
walled sac, the sinus venosns, which is followed, 
going forward, by a larger division, the atrium, 
with slightly thicker w^alls. The next division, 
the ventricle, is much thicker walled on account 
of the development of the muscles necessary to 
force the blood through the whole system. In 
front of the ventricle, but still inside of the per- 
icardial cavity, is a tube, the arterial trunk, which 
is continued farther forward, in front of the peri- 
cardial cavity, by the ventral aorta.;'. 

The ventral aorta gives off a series of pairs 
of vessels, the aortic arches (fig. 332) which rise 
on the sides of the pharynx in the gill septa, to 
the dorsal side of the alimentary canal where 
those of a side unite in a longitudinal canal, the 
■radix aortas,,, the radices, of the two sides uniting 
farther back to form the dorsal aorta, which con- 
tinues to theposterior ■ end of the body. yFrom 
the arches ^ and from the dorsal aorta (all of these 
are arterial) numbers of arteri^^ some of 

which are mentioned here, others being considered 
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two. ventral .tubes. 



Fig. 332, — Diagram 
of early cireulation of 
vertebrate, a, atrium; 
6, buibus arteriosus; c, 
caudal artery; ce, ci^ ex- 
ternal and , internal 
carotid arteries; d, 
Cuvierian :, duct; ia,, 
dorsal aorta; h, bypo- 
'.gastric artery; ^,..,mac 
artery; jugular .vein; 
0, ^ omphalom.esenteric 
vein; oa, om.plialomes-, 
enteric artery;. post- 
cardinal vein; ra^ 
radices Aort^;, ■sa^. 'sv, 
subclavian ,; artery: .and.' 
vein; ■ ventricle; vdj 
ventral aorta, i-6, 
aortic arches. 
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The most anterior aortic arch gives rise to two arteries on 
either side, an internal carotid artery which goes to the brain, 
and an external carotid which supplies the more superficial 
parts of the head. As was indicated above, the arteries arising from 
the dorsal aorta are either somatic or visceral. Among the first 
category are the intercostal and the renal arteries, the intercostals 
coursing between the myotomes, the renals being distributed to the 
successive segments of the excretory organs. Among these somatic 
arteries an anterior and a posterior pair usually obtain'especial promi- 
nence, the first (the subclavian artery) supplying the fore limb, 
while the iliac artery has similar relations to the hind limb. The 
splanchnic or visceral arteries show little trace of metamerism . • They 
are distributed to the walls of the alimentary tract. Two pairs of 
these vessels, again, are of special importance, a pair of omphalo- 
mesenteric arteries in front, and a pair of hypogastric arteries near 
the origin of the iliac arteries. 

The distal ends of these and other arteries are connected by 
capillaries with the veins, through which the blood is returned to 
the heart. The head is drained by a pair of (superior) jugular veins 
above the mouth, while (in fishes) the region of the lower jaw and the 
lower side of the gill arches have a pair of inferior jugtxiars. These 
run back to the level of the hinder part (venous sinus) of the heart, 
where they are joined on either side by a postcardinal vein coming 
from the excretory organ. Jugulars and postcar dinal of a side unite 
to form a transverse trunk, the Cuvieiian duct, which empties into 
the sinus venosus. 

A pair of omphalo-mesenteric veins enter the posterior side of 
the venous sinus. These pass on either side of the liver, and are 
the continuations of a subintestmal vein which runs on the ventral 
side of the alimentary canal. Behind, the subintestinal forms a loop 
around the anus, beyond which it extends to the end of the tail as 
the caudal vein. Subclavian veins from the fore limbs empty either 
into the jugulars or the postcardinals near the Cuvierian duct, 
while the blood leaves the hind limb of either side by an iliac vein, 
which runs forward in the lateral body wall as the lateral abdominal 
vein, to enter the Cuvierian duct. Of these veins, the omphalo- 
mesenteric and sflbintestinal belong to the visceral group, the others 
are somatic. 

Most of the vessels mentioned in the foregoing paragraphs are 
laid down very early in the embryo, and the later developments are 
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largely eoncemed witli modifications and additions to this' frame- 
work. For convenience these will be taken up under the heads of 
the heartj the arteries and the veins. 

It is impossible here to follow in detail the development of all 
parts of the circulatory system, or even to mention all of the vessels 
in all of the groupSi. , All that oan be attempted is an account of the" 
more, important parts and their, modifications, with here and there , 
references to their history which will render.their peculiarities more 
intelligible. M.ost of the major trunks 'are now known to, appear at 
first as lines of vascular cells, similar to and arising in the same way 
as those described in connexion with the heart (below),' and it seems' 
possible that 'the intima',' of all of' the blood-vessels is' in genetic rela- 
tions to such lines of cells. , It should be remembered that the vas'- 
cular system is extremely variable, even within the limits of the 
species. . . 

. THE HEART . .. 

The heart, the central organ for the propulsion of the blood, lies 
in the pericardialsac, the walls of which constitute the pericardium, 
the cavity being partia'lly. filled with a serous pericardial,', fluid. The 
walls of the heart are largely muscular,;. the,.; muscles ..forming.'the;' 
myocardial layer^ which 'is covered on its inner and" 'outer 'surfaGes:' 
by epithelium ' (endothelium)'. , .The ^ epithelial layer ' turned toward 
the .pericardial cavity, is the. epicarditim (really pericardial in nature),, 
.while, that on, the,' side^ of 'the blood cavity of the, heart is, .the 
endocardium. 

The development of the heart is simplest in the vertebrates with 
relatively small yolk. It is more modified in the elas\nobranchs, 
and is most complicated in the large yolked eggs of the sauropsida 
and in the mammals where the yolk sac -is large, though the yolk is 
small. The following account is based upon the development in 
the amphibia; ' ^ 

From just behind the point where the first or spiracular gill cleft 
is to form, backward to the region just in front of the anlage of the 
liver the hypomeral portions (lateral plates) of the coelomic walls grow 
ventrally beneath the alimentary canal (figs. 333""334) in much 
the same way as farther back (p. 16). In these descending plates 
splanchnic, mesenterial and somatic walls, as well as the coelomic 
cavity are recognized. As they descend, cells which have received 
the name of vascular cells appear between the coelomic walls and the 
entoderm. The origin of these has been in dispute, but the present 
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evidence favors their origin' from ; the mesothelium. Some of these 
vascular cells are more dorsal and aid in the formation of the dorsal 
blood-vessels,' while the ventral (fig. 333,.^) contribute to the heart 
and the , ventral, trunks. 

The descent of the lateral plates continues until their lower edges 
. meet just dorsal to the ventral ectoderm and the ventral parts of the 
.mesenterial regions of the two sides fuse to a vertical plate, the ventral 
mesocardiitm (fig. 333, above which is a groove in which the 
ventral vascular cells lie. Next, the edges of the plates' crowd in 
above the groove and meet to form a dorsal ixiesocarditiiiii the re- 
sult being that groove is converted into a tube. The mesocardia 
disappear early,' the ventral usually being .lost before the dorsal is 
formed (fig. 333, C). (A portion of the ventral mesocardium. persists 



Fig. 333. — Diagrammatic cross sections of developing heart. Compare with figure 
334. In A the descending mesothelial plates have nearly met, a number of vascular 
cells between them. In B the plates have met ventrally, forming the ventral mesocar- 
dium; most of vascular cells utilized in forming the endocardium. In C the plates 
have met dorsally, with the resulting dorsal mesocardium; the ventral mesocardiyin 
has disappeared, placing the two coelomic cavities, now the pericardial, in communica- 
tion. c, coelom; ec, ectoderm; en, entoderm; endocardium; «/, edges of descending 
mesothelium; pericardial cavity; vascular cells. 

in turtles and crocodiles, connecting the apex of the heart to the 
pericardial wall) . The walls of the tube, which are to form the 
muscular and epicardial walls of the heart, are called the myoepicar- 
dial mantle.^ The vascular cells, which are enclosed in this mantle, 
gradually arrange themselves as a continuous sheet, the endocardium, 
which lines the future heart. 

With the disappearance of the mesocardia the ccelomic spaces on 
the two sides communicate with each other so that the myoepicardial 
mantle lies free on all sides in a coelomic sac, being bound to the walls 
only at the two ends. This cavity or sac is the pericardial cavity, 
the extent of which is decreased by the fusion laterally of the somatic 
and splanchnic walls (fig. 333, 5 ). 

In front of and behind this tube the descending lateral plates are 
kept from meeting in the middle line by the ingrowths for the mouth 
and liver (fig. 334). Vascular cells, however, are formed in these 

‘The fact that the heart muscles arise from this layer— mesothelial and yet not 
myotomic — is correlated with the differences between cardiac and other striped muscles. 
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regions^ and these furnish the lining' of tubes on, either side, arising 
in the edges of the lateral plates. ' These tubes consequently diverge 
from the myoepicardium in front " and behind and form the first 
stages of the vessels connected with. the heart, the anterior pair 
giving rise to the mandibular arteries, thej^osterior to the omphalo- 
inesenteric, (omphalomesaraic) ..veins. about the sanie.:. ti.iii&..,a' 
tr.aiisverse. dube .appears .on either side, which co nnects^mtth ; the 
he ar t ^ tube, | u st....... ,j m.iL(int of the dl yisio.n into omplaalom esenterics- 

(fig. 334)'. . The se transver.s.e..lv.essels CQ niiim.e,jaienaIl^y be t the 



Fig. 334. — Diagrams of (A) early and (B) later stages of the formation of the heart 
tube and connecting vessels, c, coelom; cdy Cuvierian duct; e, ectoderm of ventral side 
of body; Ji, heart and parts which form it; i, liver; w, mouth (stomodeiim) ; mandi- 
bular artery; p, pericardial ‘ ccelom;. pleuro-peritoneal canal; so, somatopleure; 
splanchnopleure; ventral aorta. 

lateral plate and the e ctoderm, forming the venous trunks known 
as the ducts of Cuvier (t runci transyersi ), the, other relations of 
which" will be described later (p. 323). The coelom on either side of 
the heart isjestricted behind by the rid^e formed by the Cuvierian 
ducts (fig. 334)1 with growth this interruption grows larger, the 
result being a transverse partition, the septum transversum ‘ (fig. 
ii), which bounds the pericardial cavity behind and separates it 
from the rest of the coelom, the peritoneal cavity. At first this sep- 
tum is incomplete, and in the myxinoids and elasmobranchs it never 
closes dorsally to the omphalomesenterics, but leaves two openings, 
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■ .the pericardio-peritoneal canals (fig. 334, ppc). ■ Elsewhere the peri- 
. cardial and peritoneal cavities are entirely separate in the adults 

, In teleosts and amniotes, where the early embryo is closely appressed to tlie 
very large yolk saCj the development of the heart is modified. At fi,rst' the 
pharynx is not complete below but communicates ventrally ■ with the yolk. 
Hence the two hypomeres are prevented, for a time, from meeting veil tra.Iiy. 
Each,, however® is. accompanied by its vascular cells.; its edge becomes grooved 
and the grooves are rolled into a pair of tubes, lined with endocardium, so that 
for a time the anlage of the heart consists of two vessels (fig. 335)? 
nected , in front and behind with its' own mandibular 'artery and o.mphalo* 
mesenteric vein, and ' surrounded with its pericardial sac. Later the two tubes 
approach and fuse, with the formation of mesocardia as before: these latter 
soon disappearing, leaving the whole much as in the small yolked forms. 

In the early stages the pericardium is relatively large, but it does 
not keep pace with the growth of the other parts, until finally in the 
adult it is only large enough to accommodate the changes in size and 



Fig. 335. — Section through the developing heart of a rabbit, after His. t', peri- 
radical coelom; e, endothelium of half of heart; w, mesoderm; p, pharyngeal region not 
yet cut ofi from yolk sac. 

shape of the heart, due to its alternating enlargement (diastole) and 
contraction (systole). 

J As long as the mesocardia are present th^ cardiac tube is a straight 
canal, lying in the pericardial sac and connected with its walls in 
front and behind. With their disappearance the tube increases in 
length more rapidly than does the pericardium, the result being the 
flexure of the tube on itself, something like the letter S, the flexures 
being largely in the vertical plane. At the middle point of the flexure 
the tube remains small, forming the atrio-ventricular canali but in 
front of and behind this the walls become thickened and the lumen 
enlarged. The posterior and dorsal of the chambers thus formed 
becomes the atritmi (auricle), the ventral and anterior the ventricle 
of the heart. 

The atrium is bounded posteriorly by a constriction, behind 
which the tube expands into another chamber, the sinus venosus, 
which extends back to the posterior' wall of the pericardium and re- 
ceives the, ducts of Cuvier and the omphalomesenteric veins. The 
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ventricle, also, does not reach the. anterior wall of the pericardium 
but the, anterior part of the heart, tube forms a smaller trunk, the 
trunciis arteriosuSs while from the pericardium to the mandibular 
arteries is an arterial vessel, the ventral aorta (fig. 340). 

Muscles, as stated above, are developed in the wall of the heart, 
but to an unequal extent in the different parts, being scanty in the 
■ sinus venosus, and most abundant in the ventricle where they form 
an internal framework of trabeculae, giving the' ventricle a somewhat 
spongy characteristic. Folds or valves of the endocardium appear 
in places at an early date and are so arranged that they permit the 
blood to flow foward but prevent any 
backflow. In the base of the truncus 
these valves take the form of pockets on 
the walls, there being several (s-S) rows 
with several valves in a row in the elas- 
mobranchs (fig. 337, - 4 ) and ganoids. 

This valvular part of the truncus is called 
the conus aiteriostis. In other verte- 
brates the conus is reduced to a single 
row of valves. 

Valves also occur in the atrio-ventric- 
ular canal (fig. 336) but here the pocket- 
like condition is impossible. The folds 
extend from the canal into the ventricle 
and are prevented from folding back into 
the atrium, under the heavy ventricular 
pressure, by ligaments— Chordae tendineae — which extend from the 
edges of the valves to the opposite wall of the ventricle, and are kept 
taut during systole by short papillose muscles (coltmmae camea) at 
the base. 3 Other valves, more simple in character, occur around the 
opening from the sinus, into the atrium and] in some vertebrates, 
where the hepatic veins empty into the sinus. 

In many fishes the conus arteriosus is followed by a strongly 
muscular region, the bulbtis arteriosus ..(fig , 33 7, B) which has mus- 
cles like those of the heart (p. 26), while the truncus in front of this 
has smooth muscles, like the rest of the blood-vessels. Hence conus 
and bulbus are to be regarded 'as a -part of. the heart, while the region 
in front is a part of ventral aorta to be described below. 

The heart, as described above, is ■usually spoken of as a branchial 
or venous hearty' since it represents :'the:''extremes of development 



Fig. 336. — Diagrammatic cross 
section of heart showing atrio- 
ventricular valves; a, atrium; ct^ 
chorda tendinea; m, muscula papil- 
losa; 2/, ventricle; vl, atrio- ventri- 
cular valves. 
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in the' cyclostomes and fishes (the dipnoi excepted),. In these ani- 
mals all of the blood which enters the heart is venous blood and is 
all piimped directly to , the gills to lose its carbon dioxide and to take 
up oxygen, before being distributed to the various parts of the body* 
In its cou.rse through the. body it passes but once through' the heart 
in ', order ,'to" „inake the complete' 'circuit. The term is not s.trictty 
correct for the embryonic amniotes, for in ' these only oxygenated 
blood passes through the heart when it is in this stage. 

■ When, however,: lungs are formed (dipnoi and amphibia) to share 
in the, respirator}^ processes, the heart begins to divide into arterial or 
systemic, and venous or respiratory' halves. This division is brought 



Fig. 337. — Dift'erent stages in the differentiation of the parts of the heart, ventral 
view. A, elasmobranchj teieosts; C, amphibia; Z?, lower reptiles; E, ailigator;_F, 
birds and mammals, a, atrium; ao^ aorta; A, bulbus arteriosus; c, conus; rZ, Cuvierian 
duct; /z, hepatic veins; pa^ pulmonar}^ artery; pc, pre- and postcaval veins; p'i', pulmon- 
ary’ vein; s, sinus venosus; sa, septum atriorum; d, ventricles. 


about by the fomation of a septum or partition in the atrium, par- 
tially or completely dividing the chamber, the pulmonary vein 
(p. 329) opening into the left half, which thus becomes arterial, 
while the sinus, with its veins, is connected with the right alone 
(fig. 337, C). 

Still higher in the scale the partition or septum extends through 
.the atrio^ventricular canal, dividing its valves into two groups (tri- 
cuspid valves on the right side, mitral on the left) and partially divid- 
ing the ventricle (most reptiles fig. 337 , D). In the crocodilia (fig. 
337, E) the division of the ventricle is completed by the extension of 
the septum to the anterior end, but there is an opening (foramen 
Panizzse) between the two sides of the aortic trunk, so that some 
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admixture of arterial and venous blood can occur. In the birds 
and mammals (%• 337, i^) there is complete internal separation 
of the two sides of the heart, though externally it usually shows but 
slight signs of the division. As a result of this division blood must 
pass twice through the heart (once through the venous, once through 
the arterial half) in order to make a complete circuit of the body. 
Venous blood enters the right atrium, passes to the right ventricle, 
by which it is forced to the lungs (pulmonary or respiratory circu- 
lation). Returning to the heart by the pulmonary veins, it passes 



338) which arise from the aortic arches 
and run back along the truncus arteriosus to reach the atrium and 
ventricle. ' • 

THE ARTERIES 

Aorta and Aortic Arches. — ^The ventral aorta is the trunk in front 
of the pericardium, extending from the truncus arteriosus to the 
mandibular artery (first aortic arch). It runs, not through a cavity, 
but' between muscles and through connective tissue. The mandibu-, 
lar arteries pass upward on either side of the pharynx until they 
reach its dorsal surface. With development, .the ventral aorta 



312 


COMPARATIVE ' MORPHOLOGY OF VERTEBRATES 

..elongates and .at tlie same time other, aortic arches, arise between the 
.mandibElar arteries and the, pericardium, these ex.tendmg, dorsally 
until they meet the backw^ard prolongations, of the first, thus form- 
ing a, pair of ioiigitudinai .tubes, dorsal to the alimentary tract, the 
.radices aortas :(fig. 332). 



Pio. 339. — Modifications of the aortic arches in different vertebrates, after Boas. 
A, primitive scheme; B, dipnoan; C, urodele; 2 ), frog; E, snake; F, lizard; G, bird; 
mammal. coaliac artery; da, dorsal aorta; dh, ductus Botallii; external and 

Internal carotids ; p, piiimonaiy artery; s, subclavian; m, ventral aorta. Vessels carrying 
venous blood black; those with mixed blood shaded: those which disappear, dotted 
outlines. , , 

The number of pairs of aortic arches varies with the number of 
gill clefts, the vessels coursing in the septum between the clefts. 
The number of arches is greatest in the m3rxinoids, where the number 
of clefts varies (p. 266) ; seven or eight in the notidanid sharks; and, 
as recent investigations tend to show, probably six in the embryos 
, of all other vertebrates. The history of these arches differs greatly 
in the different classes (fig. 339)., there usually being a reduction in 



THE ARTERIES 




313 


number by the more or less complete abortion of one or more pairs 
as well as a modification of those which persistj-^accomi^anying 
■ changes in the respiratory system, j \ 

With the development of gills (ichthyopsida) fedcli aortic arch be- 
comes divided into two portions, an afferent branchial artery convey- 
ing blood from the ventral aorta to the gills a,nd an effer^t branchial 
artery (sometimes called a branchial vein) carrying; it from the gills 
to the radix aortse (fig. 339, B\ 340). These vessels parallel 
each- other for a part of their course and are coiaiiected with each 
other by numerous capillary loops which riin through the gill fila- 
ments (fig. 296). In passing through the gills the blood loses its 
carbon dioxide and takes up oxygen, and; thus becomes Converted 



Fig. 340.—Scheme of branchial circulation in elasmobranchs. ay atrium; aa 
afferent branchial arteries; ay, abdominal vein; c, gill clefts; cc^ common carotid; 4 a, 
dorsal aorta; ea, efferent branchial arteries; ec^ external carotid aiterj^; /^y, hepatic 
vein; ic^ internal carotid; i, jugular vein; liver; pc, postcardinal vein; sc, subclavian 
vein; 5y, sinus venosus; truncus arteriosus; v, ventricle; va, ventral aorta. 

from venous to arterial blood. In the amniotes afferent and efferent 
branchial arteries are never differentiated, the aortic arches being 
continuous from the ventral aorta to the radices aortse. 

The first of these arches (the mandibular arteries) never forms 
afferent and efferent portions since no gills are ever developed in their 
region. From each half of this arch an artery, the external carotid, 
extends forward to supply the lower and a part of a upper jaw, while 
an internal carotid artery forms an extension forward of each radix 
i^aa d. ‘^im plies the brain and face (fig. 332). Later their relations 
are su^* 1 CSE 9 h 6 ij£^^otids,^^^r to arise from the first of the func- 
tional arches to 

. As w-asjsisM abwwi of aortic arches is six pairs, 

B^pededl^ lo- ah groups except cyclos- 
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tomes ergo considerable modification, and in the 

fishes they are .frequently more oriess reduced in correlation with the. 
reducfion of the gii}| (p* 254). The modifications may be outlined 
as tiitw occur ih the successive, pairs- of arches. 

' In many fis&s'aiid ali tetrapoda the first arch on either side dis- 
appears beyond the point where the external , carotid arises (fig. 
339, B ^ whiJe, correlated with the reduction of the spiracular gill, • 
the second pair of arches is partially or completely lost in the adult. 
The third ijair isralways persistent and through them flows the- blood 
for the internal carotids and, in the fishes, gymnophiona and a few" 
iirodeles (fig. 33^;“ 'Q reptiles (£),. some blood for the radices, 

aortse as well ’In all other tetrapoda the radix disappears between 
the third' and fourth arches (fig. 339, Z)) and consequently here the 



^ Fig. 341. — Aortic arches of amniotes, after Hochstetter. Varanus; Bi snake; C, 

alligator; Z), bird; mammal. basilar artery; cc, common carotid; ei, ce, internal 
and external carotids; da, dorsal aorta; p, pulmonary; s, subclavian. Persistent 
vessels cross-lined. 



lion of the ventral aorta between the third and fourth arches car- 
ries blood for the carotids alone and hence forms a common carotid 
trunk, usually divided into right and left common carotid, arteries. 

The fourth pair of arches are the systemic trunks in all tetrapoda, 
carrying blood from the ventral to the dorsal aorta, while the fifth, 
reduced in size, perform a similar function in a few lizards and uro- 
deles (fig. 339, C), but elsewhere (hey entirely disappear. The 
fourth arches show a differentiation between the two sides in many 
reptiles. , That on the left side becomes separated from the re.st^«s^f 
the ventral aorta (fig. 339, E, F) andji^te ownJiat’^'nnecting 
the right side of the Partiajlg^|^^ej,4nd, as wiU be 
Jerstood from the relations 
; of arterial and ven^ 
eMi fourth arcl 
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tract, the cceliac axis arising from its 'radix (fig, 339, E, F) while 
the part connecting it with the dorsal aorta is reduced in size,' The 
right arch and the carotids are connected with the left side of the 
heart and hence are purely arterial, the arch forming the main trunk 
connecting /the heart with the dorsaT aorta. In the birds (fig. 
„339, G), the radix of the left side of the adult disappears distal to the 
origin oi the subclavian artery, so that this arch supplies only the '' 
fore. limb of that side, while the right arch is purely aortic in charac- 
ter, ' In the mammals (fig, 339, H) these relations are exactly re- 
versed, the right arch being subclavian, the left supplying the dorsal 
aorta and the subclavian of that side. 

With the development of lungs (dipnoi, tetrapoda) a pair of pul- 
monary arteries are developed from the sixth pair of arches on the 
ventral side of the pharynx. These grow back into the lungs, while 
the rest of the arch, dorsal to their origin, becomes reduced to a small 
vessel, the ductus arteriosus (d. Botallii^ fig. 339, C) in some urodeles, 
and persists occasionally vestigially in higher vertebrates. Else- 
where it entirely disappears. 

The ductus Botalli is important in the embryonic circulation of amniotes, 
as the larger part of the blood goes through it to reach the dorsal aorta, as long 
as the allantois is the organ of respiration, while only enough blood goes through 
the pulmonary artery to nourish the lung. With the first inspiration of air, 
the duct closes and all blood passing into the last arch goes to the lung. 

In the dipnoi and amphibia, where the ventricle remains un- 
divided, the pulmonary arteries are connected wuth the same trunk 
(ventral aorta) as are the other aortic arches (fig. 339, C, D), In the 
amniotes (£, F, G, E) with partial or complete division of the ven- 
tricle (fig. 339, D to F), the truncus and the ventral aorta are divided 
in such a manner that derivatives of the sixth arch are connected 
with the right side of the heart, w^hile the rest of the ventral aorta, 
save for the exception noted in the reptiles above, receives its blood 
from the left :pde of The', hearts 


In connexion with the almost complete obliteration of the fifth arch, and, in 
most pulmonale vertebrates, the separation -of the sixth from the rest, it is 
interesting to note that in the lower vertebrates (elasmobranchs) there is already 
a differentiation of these two arches:from the others' of the series (fig. 340). 

The dorsal aorta arises by the fusion of two primitive trunks which run pos- 
teriorly, just dorsal to the mesentery and approximately parallel to the noto- 
chord, to the end of the body. This fusion may extend only as far forward as* ^ 
the last aortic arch, the the trunks in front of, this.;; point .being tht ' 
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radices aortas ■ (fig. 332), or, again, it may involve the whole of the radices, the 

aorta in this case extending to the most anterior arch. 

In human anatomy the different' parts of the aortic vessels have names 
different from those ■, adopted here. The persistent portion of .the ventral aorta 
is called the ascending aorta, the persistent - fourth arch is the aerh, of the 
aorta, and the adjacent part of the dorsal aorta is the descending aorta. 1 he 
rest of the dorsal, aorta is divided into the thoracic and abdominal aorte, accord- 
ingly as they lie in the, regions of the corresponding cavities. - These terms are 
Inapplicable , in comparative anatomy. 

" The arteries .arising from the dorsal aorta may be grouped under 
the two' categories, visceral and somatic (p. 302.).. To .the former 
belong the vessels running through, the mesenteries to supply' the 
digestive tract. In the primitive condition these are numerous, but, 
they do not show a metameric character. In ..the •majority of verte- 



Fig. 342. — Diagram of vertebrate circulation based on a urodele. Arteries cross- 
lined; veins black except the pulmonary vein, white. aVi abdominal vein; c, coeliac 
artery; ca^ cv, caudal artery and vein; d, dorsal aorta; ec, external carotid; gonad; 
hepatic vein; ha, hepatic artery; hy, hypogastric artery; iCi internal carotid; il, iliac 
artery and vein; j, jugular; Iv, liver; m, mv, msesnteric artery and vein; pa, pulmonary 
artery; ped, post-cardinal; pev, postcava; pv, hepatic portal vein; r, rectal artery; ra, 
renal advehent (portal) vein; sc, subclavian artery and vein. 

brates they become united into a smaller number of main trunks from 
which branches go to the various regions of the canal. The principal 
of these trunks are the following: There is usually present a cceliac 
artery, arising from one radix or from the dorsal aorta near it, and 
dividing in the mesogaster into gastric, splenic and hepatic arteries, 
distributed to stomach, spleen and liver. The superior mesenteric 
artery is connected in development with the omphalomesenteric 
arteries (p. 304) and goes to the anterior part of the intestine; while 
frequently an inferior mesenteric artery is distributed to the posterior 
part of the digestive tract. The superior mesenteric may fuse with 
the cceliac to form a coeliac axis, while not infrequently other mesen- 
teric arteries may be developed. 

. The hypogastric arteries, already mentioned, primitively connect 
the dorsal aorta with the subintestinal Vein in the neighborhood of 
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the anus 5 and later give off vessels to the region of the rectum. 
Wheiij as in all classes, from the amphibia upward, a urinary bladder 
is developed' from the rectal (cloacal) region, the h3^ogastrics'form 
its blood supply, these vessels being the vesical aiteriest In the 
amnio tes the distal end of the aniage of the bladder forms a fcetal 



Fig. 343* Fig. 344- 


Fig. 343. — Diagram of early relations of vertebral arteries in an amnio te. 
vertebral artery; Ja, dorsal aorta; ec^ iCj external and internal carotids; pa, pulmonary 
artery; fa, radix aortce; subclavian; ya, ventral aorta; 4 - 6 , aortic arches. 

Fig. 344,—A, side view of developing anterior arteries of Lacerta, after van Bern- 
mein; the vertebral artery not developed behind; B, ventral view of the relations of the 
arteries at the base of the vertebrate brain, az', vertebral artery; f?, basilar artery; cw, 
circle of Willis; da, dorsal aorta; ec, io, external and internal carotids; /;a, pulmonary 
artery; >a, radix aortae; sa, segmental arteries; sc, subclavian; 2 - 6 , aortic arches. 

structure known as the allantois, described in another section (p. 397), 
and parts of the vesical arteries are carried out as allantoic arteries 
(figs. 347, 349), into the new formation. Since these pass through 
the umbilicus, they are also known as the umbilical arteries. Later, 
when the umbilicus disappears, the allantoic arteries are lost and 
only the rectal and vesical arteries remain of the hypogastric trunks. 
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'BeMiid' the hypogastric arteries. the caudal aorta is called the caudal 
•artery . (figs. 342, 347). The somatic arteries are more numerous 
and are nietaniericaliy arranged. ■ They are distributed to the body 
wall and to the parts arising 'from it developmeiitj and may be 
subdivided into two groups. The first 'of these in the early stages 
.are given off in pairs .from the radices -and the dorsal aorta^ an artery 
on „ eitlier ' side extending laterally between each two successive 
myotomes '.(lig. 331). ' These are the upper halves .of the transverse 
somatic vessels alluded to on. p. 302. Many of these remain in a 
slightly modified condition and are called intercostal arteries (includ- 
ing Itnnbar and sacral arteries, etc., according to position). These 
usually become connected on either side (fig. 343)? their 

origin, by a longitudinal vessel, the 
vertebral artery, which, in the higher 
vertebrates, runs through the verte- 
brarterial canal (p. 62)of the vertebrse. 

In the region of the aortic roots, 
after the formation of the vertebral 
artery, all of the segmental arteries 
except the last of the series lose their 
connexion with the radix and hence- 
forth are supplied by way of the pos- 
terior segmental and the vertebral 

Fig. 345.— Diagram of origin of (gg, 344). Anteriorly the vertebral 
blood supply of vertebrate appendage, ./ . 

i’, abdominal %.'’ein; da, dorsal aorta; arteries pass to the ventral Side of the 

oblongata) 

dividing there into two branches, one 
of which, joining its fellow of the opposite side, runs back beneath the 
spinal cord as a spinal artery, while the anterior branches unite in 
the same way to form a basilar artery, running forw^ard beneath the 
medulla (fig. 344, B). At the point just behind the hypophysis the 
basilar divides, one-half passing on either side of that structure and 
receiving the internal carotid of that side. The trunks thus formed 
unite in front in the region of the optic chiasma. There is thus 
formed an arterial ring, the circle of Willis (fig, 344, B), around the 
hypophysis. 

As the limbs grow out, segmental arteries, corresponding in num- 
ber to the somites concerned in the appendages, extend into the mem- 
ber (fig. 345). Distally these arteries become connected with each 
other and with the veins of the limb by a network of small vessels. 
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By enlargement of parts of these main trunks and of the connecting 
network (fig. 346), and the partial or complete atrophy of other por- 
tions, the definitive circulation of the limb is ' established. This 
explains the numerous variations in the blood supply of the limbs, 
both in the distal parts and in the origin of- the main trunks, which 
may arise from the dorsal aorta or from the radices as far forward as 
the third aortic arch. This wdll explain the shiftings of the subclav- 
ian artery shown in fig. 339. 

The main trunk of the fore limb may, have different names in different parts 
of its course. It is the subclavian artery as it leaves the dorsal aorta, the 
axillary as it enters the limb, and the brachial in the upper arm. It divides 
near the elbow into radial and ulnar arteries, which run near tlie corresponding 
bones into the podium. 




Fig. 346.— Three stages in the development of the arteries of the fore limb of the 
white mouse, after Goppert. A, 8 days; By 9 days; C, 10 days; aorta; 6, brachial 
plexus. (The vessels are extremely variable, not agreeing even on the two sides of a 
single individual.) 


There are some additional elements of complexity in the develop- 
ment of the arteries of the hind leg. As in front, several somatic ves- 
sels are concerned and there is the same formation of a capillary 
network. Two of the arteries attain special prominence. In front 
of the limb is the epigastric artery, which descends from the aorta to 
the ventral side of the body and runs forward to supply the lower 
portion of the myotomes, becoming connected at first with the epigas- 
tric veins, although later it may anastomose with the hinder end of 
the cutaneous artery (infra). When the hind limb grows out, the 
epigastric sends a branch, the extemal iliac or femoral artery, into its 
anterior side. As the leg increases in size this may surpass the 
parent epigastric in size, the latter now appearing as a side branch. 

The second pair of somatic arteries are the gluteal (sciatic, ischi- 
adic) arteries. These descend into the posterior side of the leg, the 
name changing at the angle of the knee to popliteal artery, and 
farther down it divides into peroneal and anterior and posterior 
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;llMai..aTteries, the peroneal supplying the calf of the leg., the others 
' coiitinuiiig into theloot. 

The arrangement of vessels thus outlined is characteristic of the lower 
tetrapoda where the femoral artery is small. It is also characteristic of the 
'embryos of the mammals, but in the latter, before' birth, the femoral artery 
grows down, joins the popliteal, and thus becomes the chief supply of the 
limb. These trunks and the hypogastric do not always remain distinct, but. 
may fuse in different ways at the base. Epigastric and h3T)ogastric arteries 
are' distinct in many reptiles and in birds, but elsewhere they fuse to form the 
common iliac artery^ sO' called since the proximal portion of the femoral is often 
called the ■ external, the hypogastric the intemai iHac artery. The gluteal, too, 
may remain distinct or it may fuse with the others at the base, and then its 
independent portion appears as a branch of the common iliac artery. 

A cutaneous artery, arising from either the subclavian or the pulmonary 
artery of either side (both conditions occur in the amphibia), runs backward in 
the skin of the trunk (fig. 366), and may extend back and unite with the epigas- 
tric artery. When, as in the amphibia, these arise from the pulmonary they 
contain venous blood and the skin acts as a subsidiary respiratory organ (p. 290). 

The arteries going to the excretory and reproductive organs are 
paired and, in the more primitive vertebrates show a marked meta- 
merism. They are best described in details along with the urogenital 
structures in a subsequent section. It may be mentioned here that 
the metamerism is well shown in the nephridial or renal arteries 
going to the pro- and mesonephroi, while there is usually but a single 
pair of renal arteries to supply the metanephroi (true kidneys) of the 
amniotes. The arteries to the gonads may be included under the 
single head of genital arteries, though they are usually subdivided 
into the spermatic and ovarian arteries according to the sex. Like 
the nephridial, the genital arteries are more numerous in the lower 
and are reduced in number in the higher forms. 

THE VEINS 

Continuing from the description of the development of the heart 
(P* 3^7) y ventral margins of the lateral plates, posterior to the 
pericardium are kept from meeting in the middle line by the anlage 
of the liver‘ (figs. 347, 348). The edges of the plates become grooved 
in the same way as in front and each groove becomes rolled into a 
tube, lined with vascular ceils, so that two vessels, the ompJialO'- 
mesenteric veins, extend back from the heart, around The liver, tO' 
meet the extensions of the omphalomesenteric arteries already 
described. Behind the connexion of these vessels another pair of 



VEINS 


321 


tubes, the subintestmal veins (fig. 347, si) continue back on the 
ventrai side of the alimentary canal, until, just behind the anus, they 
fuse to a median tube, the caudal vein, which extends the length of 
the tail. 

The two subintestinal veins soon fuse to a single median vessel 
(fig- 352, S), save for a loop around the anus connecting it with 



Fig. 347. — Diagram of the circulation in. an early stage of a small, yolked vertebrate 
(amphibian), a, anus; ca, cv, caudal artery and vein; da, dorsal aorta; dc^ Cuvierian 
duct; ec, external carotid ;^72,^lieart; ha^ hypogastric artery; intestine; ic, internal carotid; 
ij, inferior jugular; j, superior jugular; /, liver, w, mouth; oma, omv^ omphalomesenteric 
artery and vein; pc^ postcardinal vein; sij subintestinal vein; 1 - 6 , aortic arches. 

the caudal vein. This connexion persists in the cyclostomeSj but 
disappears elsewhere- Of the two omphalomesenteric veins, the 
right soon disappears with the exception of a short distance between 
the sinus venosus and the liver (fig. 348), leaving the left as the 



Fig. 348 .—Three stages in the development of the hepatic portal system. A ; 
primitive; By liver tubules beginning to develop, ri^ht omphalomesenteric interrupted 
..C, definitive condition, liver not indicated. ' dc, 'Cuyierian ducts, hp, hepatic portal vein; ' , 
fo, hepatic vein; /, liver; la, roy hit and right omphalomesenteric veins; ^7, subintestmal 
'veins; sz?, sinus venosus. 

trunk connecting the posterior parts with the heart, this passing along 
the left side of the liver (fig. 348, S). 

Portal Circulation. — As the liver develops from the simple sac it is 
at first, into the compound tubular condition (p. 259), the left om- 
phalomesenteric breaks up into a sort of rete mirabile of sinusoids, 
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wMcli ramify among the. liver tubules, finally connecting with both 
onipliaiomesenterics on the anterior, side of the liver (fig. 34 ^? 
x%s the liver increases in si^e the network of sinusoids increases in 
complexity, supplying all of the tubules. For a time the left ompha” 
ioniesenteric , retains its primitive' importance on the side of the 
liver and is known as the ductus venosus (Araiitii)5 but soon this 
preeminence is lost and all blood coming from behiiid passes through 
thC' network' of capillaries in the liver before it enters the heart , (fig. 
'348, C)., ' Such a, capillary circulation occurring in the .course, of a, 
vein is known as a portal systeiUj and this one occurring in the liver 
is the' hepatic portal circulation. It consists of the vessels bringing 
the blood' to the liver (portal vein) — a' part of the original omphalo- 



Fig. 349. — Diagram of embryonic circulation in a large-yolked vertebrate; compare 
with fig. 347. aa^ aortic arches; aly allantois; anus; cay cVj caudal artery and vein; 
day dorsal aorta; dCy Cuvierian duct; hy heart; hay hypogastric (allantoic) artery; j, 
jugular vein; L liver; o^nay onty omphalomesenteric artery and vein; pCy postcardinal vein; 
siy subintestinal vein; sty sinus terminalis; ventral aorta; y, yolk; ySy yolk stalk, 

mesenteric — the capillary vessels, and the bases of both omphalo- 
mesenteries, now knowm as the hepatic veins, which convey the blood 
from the liver to the heart 

In eggs With a large yolk (elasmobranchs, sauropsida) the presence of this 
large food supply exercises a modifying influence on these ventral veins (fig. 
349). From the junction of the omphalomesenteric and the subintestinal veins a 
pair of large vitelline veins run out into the yolk sac, over the yolk, and play 
a large part in the transfer Of material to the growing embryo. The distal 
parts of these veins follow the margin of the yolk sac, forming a tube (jintxs 
terminalis) into which smaller veins empty. Blood is brought to the yolk by 
the omphalomesenteric arteries, which are also distributed to the j^^olk sac, 
dividing up distally into a network of capillaries connecting distally with the 
viteilme veins. By these latter the blood is carried to the liver and throigh 
the portal circulation to the heart. ' In the mammals a similar vitelline circuia” 
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tioE is developed^ but as the yolk sac contains no yolkj it is of minor, importance 
and .is soon lost. 

In the amiiiotes an outgrowth j the ■ allantois (pp, 298, 397), arises as a cliver- 
ticuiuni from the hinder end of the alimentary canal, increases in extent, growing 
downward and carrying the ventral body wall before it. Branches of the hypo- 
gastric arteries, known as the allantoic arteries, extend into it (fig. 349) and 
are connected by capillaries with timbilical veins which arise from the sub- 
intestinal , vein behind the vitelline veins. There thus is formed an alaxitoic 
circulation wMch.is both respiratory and nutritive in character.- In the reptfies 
both of; the umbilical veins persist through the foetal life (only one shown in 
fig. 329), but in birds and mammals one aborts, leaving the other as the efferent 
vessel of the allantois. With the end of fmtai life (at hatching or at birth) both 
the vitelline and the allantoic circulations disappear, leaving only inconspicuous 
rudiments. 



ij, inferior jugular; m, vein of mandibular arch; 0^, orbital sinus; segmental veins; 

superior jugular; vcp^ postcardinal; III-X, cranial nerves; 2-8, spinal nerves. 

The entrance of the Cuvierian ducts into the heart was mentioned 
on page 307. These ducts are a pair of transverse vessels which enter 
the sinus venosus, one from either side, and, together with the hepatic 
veins, mark the posterior limit of the heart. Each develops outside 
of the somatic wall of the hypomere from a vascular plexus (fig. 351) 
and extends dorsally until it reaches the level of the top of the ccelom 
(fig. 347). In this course, in the fishes,- each receives an inferior 
jug^olar vein which comes from the head, bringing back blood from the 
muscles of the lateral and ventral branchial regions. At its dorsal 
end each Cuvierian duct divides into the two cardinal veins, a sup- 
erior jugular (anterior cardinal) and a postcardinal vein (fig. 350), 
which belong to the dorsal half of the body. The superior jugular 
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,Goiii.es from tlie head, dorsal to the 'gill clefts and brings blood from 
the more dorsal regions. ' Since the. inferior jugulars are . found only 
in fishes, and. salamanders, .the anterior cardinal is usually ' called ; 
simply the jugular and that usage will be followed here.. 

The postcardiiials are ' closely related in development to the 
excretory system, and keep pace with its development backward, so 
that they eventually reach. the loop which the caudal and.subintes- 
tinai vein makes in passing- around the anus. They run just above 



Fig. 351. — Anterior blood vessels of 8-somite rat embryo, viewed from above, and 
seen through the cleared neural plate, which is closed back of the third somite (unpub- 
lished drawing by F. P. Reagan) . dc, Cuvierian duct developing from a venous plexus, 
ej, common facial vein; h, developing heart; im, internal mammary vein?; n, vein on 
ventral side of neural plate and tube; w/, neural folds; omd^ omSy right and left omphaio- 
mesenterics; pCy postcardinal; m, radix aortae; Uy umbilical vein; ventral aorta; vriy 
venous network. 

the dorsal side of the coelom and dorsal to the nephridial arteries 
(p. 320). They are preeminently the blood-drainage ^stem of the 
early excretory' organs and'they retain that function throughout life 

in the lower’ vertebrates. "" ” - 

Closely associated wili the postcardinals are the subcardhials. 
As the mesonephroi (see Excretory Organs) reach the hinder e ad of 
the c(Blom, the caudal vein loses its primitive connexion with the 
subintestijial vein and becomes connected with a pair of vessels, the 



subcardinal veinSj which develop between the two mesonephroi and 
ventral to the nepliridial arteries (fig. 352, B), The blood from the 
tail now goes through the subcardinals and from them into' the 
excretory organs, passing through ■. a system of capillaries, to be 
gathered again in the postcardinals and by them to be returned to 
the heart. Here, then, there is another portal system (p. 321), the 



Fig. 352. — Scheme of development of the principal veins, a, anus; az, azygos 
major; c, coronary vein; ca, caudal vein; cd, Cuvierian duct; ei, external iliac; g, gonads; 
gfl, genital (spermatic, ovarian) vein; h, hepatic veins; ha, hemiazygos; hi, heart; i. 
•schiadic; Jugular; U, left innominate; mn, mtn, moso- and metanephroi; om, omphalo- 
mesenterics; p, postcava; pc, postcardinal; pronephros; pr, precava; r, renal; ri, 
right innominate; .y, subclavian; sc, subcardinal; subin testinai; sic, superior intercostal. 

In A the early condition with paired omphalomesenterics and subintestinals, the 
postcardinals extending back as far as the pronephroi. B, mesonephroi developed and 
with them the subcardinals and the beginning of the postcava; one omphalomesenteric 
lost and subintestinals and caudals beginning to fuse; the intestinal vessels omitted in 
the later figures. C, postcava has joined sinus and postcardinals have reached caudals; 
D, amnio te, appearance of metanephroi (true kidneys) with obsolescence of mesonephroi; 
the postcardinals lose connexion with caudal, their place being taken by the backward 
extension of the subcardinals; formation of cross connexions betv/een jugulars and 
between postcardinals of the two sides. E, breaking up of postcardinals and disappear- 
ance of left Cuvierian duct, the other being called the precava. 

Postcaval elements crosslined; subcardinal, dotted; other veins black. 

first renal-portal system, which may be modified later, as will be 
described below. 

With the development of the limbs, corresponding veins arise 
(fig. 354), a subclavian vein for each fore bmb, a common iliac for 
the bind leg, these bringing the blood from the appendage to the 
trunk. In the young each subclavian empties into the postcardinal 
of the same side, but in the adult the opening may shift to the Cuvier- 
ian duct or to the jugular. The common iliac vein likewise empties 



326 COMPASAm'E. MORPHOLOGY OP VERTEBRATES , 

into a .vein 5 the epigastric or, lateral abdominal^ which rims., forward 
in the body wall, to connect with either- the' postcardinal 01 the duct 
of Cuvier (fig. 354, 4)./' TMs- condition .obtains life in 

some elasiiiobraiichsj but higher; in the scale the iliac vein.^ while 
retaining its connexion with the epigastric, grows toward the middie 

line and joins the postcardinal of the same side, a condition,, which 

is permanent in .amphibia and reptiles (fig. 354,, C), where blood 

comiBg 'from the hind limb has two routes to the heart. , 



' Fig. 353. — Diagrams of the development of the chief veins of man,- viewed from the 
ventral side (McClure and Butler). All are veins except when otherwise stated, liw, 
anterior mesenteric artery; adrenals; az{d,s)j right and left azygos; cm, from caudal 
endfof mesonephros; dc, Cuvierian duct; ha, hemiazj^gos; hy, hypogastric; ij, internal 
jugular; il, iliac; im, inferior mesenteric artery; isca, inter-subcardinal anastomosis; 
mes, from mesonephros; ms, medial sacral; 0, omphalomesenteric artery; ov, omphalo- 
niesenteric vein; -pc, postcardinal; pea, postcardinal anastomosis; pev, postcava; ph, 
hepatic part of postcava; pre, precardinal; pv, precava; r, renal; sc, subcardinal, scl, 
subclavian; spea, sub-postcardinal anastomosis; spr, supracardinal; spr (as), azygos part 
of supracardinal; sv, sinus venosus;'«, umbilical artery. Arrows show position of kidneys 
and ureters. 

The epigastric .yeins of the two sides may fuse in the median line 
in front (amphibia, some reptiles, bird;s), forxaing an mterior ab- 
dominal vein (fig. 354, C) - ^Mc h reaches the hea,rt by passing through 
the remains of the ventral mesentery (ligamentum teres) to the liver 
and thence forward. A similar anterior abdominal vein has been 
described in Echidna but is unknown elsewhere in the Tna-m-mak 

In the fishes the vessels of the appendages are but slightly de- 
veloped, there being a subclavian vein entering the Cuvierian duct. 



and occasionally a bracMai vein which may empt)^ into .the sintis 
venosns. In the amphibia a ciitanetis magiins vein. (fig. ,366)3,, 
coming from the skin of the trunk, _ may enter the subclavian, while 
in all tetrapoda the subclavian, af; ■■'■■.eaving the limb, receives a 
superficial cephalic and an axillary Vem,. the latter changing its name 
in the appendage to the brachial vein, In^ the hind limb the com- 



Fig. 354. — Relations and modifications of the post- and subcardinal, abdominal and 
postcaval veins in different stages of the amphibia. In A the veins (il) from the hind 
limb return directly to the heart by the lateral abdominal veins (k.)? while the blood from 
the tail (c) passes by way of the subcardinals (a'c) through the mesonephroi to the post- 
cardinals (pc). In B the lateral abdominals have united in front to form the anterior 
abdominal vein (aa); the iliacs have sent a branch to the postcardinals, which have 
grown back to join the caudais, while the subcardinals have lost their connexion with 
the caudal and have acquired one with the postcava (p)j a backward growth from the 
sinus venosus. In C the postcardinals have been interrupted, the posterior half of each 
now forming an advehent vein (ct'y) while the subcardinais, as in B; form the revehent 
. veins (r). ' . . 


mon iliac vein, is formed by the union of the femoral and sciatic 
(ischiadic) veias, as well as the hypogastric (internal iliac) vein 
already referred to. 

In the classes above fishes (dipnoi, amphibia and amniotes) a new 
vein, the postcava (vena cava inferior) appears. This arises in part 
from scattered spaces, in part' a's a diverticulum of the sinus venosus 
and the hepatic veins,' and groWS""backward)' “dorsal to the liver, 
until it meets and fuses with the nght subcardinal vein (figs. 354, 
355), a portion of which now forms a new trunk, carrying blood from 
the posterior part of the body to the heart. 




. With the appearance of the postcava changes are introduced m 
the embryonic renal .portal circulation (p. 325) which , may be sum, » 
marized, as follows:' The subcardinals lose their connexion with the 
caudal vein, and become connected with each other by transverse 
vessels (iriterreiial veins) , while parts of the postcardinals adjacent 
to .the .nephridiai organs separate from the parts in front, and grow 
backward, and connect with the caudal vein (fig. 352, C). These 
,Doste.rior parts of the postcardinals now become the adveheiit veins 


Fig. 355.— ^ 4 , venous system of dorsal view, after Spencer; 5 , of a urodeie, 

ventral view, ab,^ abdominal vein; av, venae advehentes; h, brachial; c, caudal; 6’d, 
Cuvierian duct; ej, external jugular; /u, heart; hp, hepatic portal; ij, inferior jugular; 
jf jugular; il, iliac; /, liver; Ic^ lateral cutaneous; ■/;?, mesonephros; p, postcava; pc^ post- 
cardinal; f, venae revehentes; 5, subclavian; t, testes, 

(fig. 354, C) of a second renal portal system, bringing blood from 
the tail and hind limbs to the excretory organs (mesonephroi). The 
subcardinals of the two sides usually fuse in the middle line, a process 
initiated by the appearance pf .the interrepal yeins, and now act as 
a revehent vessel, carrying blood from the excretory organs to the 
postcava and the anterior portion of the postcardinals |which have 
joined the anterior^ ends of the subcardinals (fig. 354, C). The 
changes in the postcardinals and the renal portal system of manriTnal p 
will be described below. 
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In Ceratodus (dipnoi^ fig* 3SS> there are some differences from the above 
account. Thus the anterior portion of the right postcardiiial (not shown in the 
figure) loses its connexion with the vessels 'behind and acts as a vertebra! vein,, 
taking the blood from the intercostal veins of that side back to the heart. The 
caudal and the subcardinals form a continuous trunk, the revehent vessels form- 
ing side branches. The posterior portions of the postcardinals grow back into 
the tail as paired vessels, forming no connexion with the caudal vein. In Proto f - 
ierus the vertebral vein is lacking, the subcardinals are not fused behind, while the 
adveheiit veins are connected with the caudal. 

The development' of lungs brings about the appearance of one or 
more pairs of pulmonary veins which carry the (arterial) blood from 
these organs to the heart.- These arise as an outgrowth from the . 
left atrial portion of the heart, dividing farther back to reach the two 
lungs. At no time do the pulmonary veins connect with the sinus 
venosus, but they always empty into the left atrium (figs. 337, 
342, 3 SS)- 

The Foetal Circulation 

Some features of the foetal circulation of the amniotes have 
already been alluded to, but the whole may be summarized here. In 
the amniotes, with the development of a large yolk sac and of the 
allantois, the vessels on the ventral side of the body become corre- 
spondingly modified. The processes involved may be readily under- 
stood from a comparison of figures 347, 349 and 356. The yolk sac is 
to be regarded as a diverticulum of the intestine while the allantois is 
a similar outgrowth from the urinary bladder, itself a process of the 
alimentary canal. The outgrowths naturally carry with them the 
blood-vessels distributed to the parts from which they arise. Hence 
the omphalomesenteric artery and the vitelline veins (derivatives of 
the omphalomesenteric veins) extend out over the yolk, increasing in 
number as well as in extent of their branches as the yolk sac spreads 
over the, yolk. . 

; In the same way the hypogastric arteries are carried out with the 
■ allantois, . these portions being, called the allantoic or umbilical' 
arteries, the blood being carried back to the trunk by a single allan- 
toic vein: These two kinds of vessels — arteries and veins— are, con-: 
nected in the distal part of the allantois by a rich network of capillary 
(vessels. ,, It' allantois is able (p. 298) to act in the 
sauropsida as 'an organ of r^-spiration. In the mammals, by means of . 
osmosis through the placenta (in the formation of which the allantois 
plays a most 'important pai’t), it is not only, respiratory, exchanging 
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gases with the uterine wails (there is no exchange of blood corpuscles 
With the mother), but it serv^es as a recipient of nourishment by the 

passage of plasma from the maternal tissues. 
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Fig. 356. — Diagram of foetal circulation of mammal; arterial blood white; mixed 
blood stippled, venous blood black, aa, persisting (left) aortic arch; ad^ as^ right and 
left atria; gs, azygos vein; c, coronary vein (remains of left Cuvierian duct) ; cg, ccnliac 
axis; cd, Cuvierian duct; ce^ ci, external and internal carotids; d, dorsal aorta; da^ ductus 
arteriops (Botaili); ey, external jugular; /<?, foramen ovale; ha^ hemiazygos vein; hp, 
(hepatic) portal vein; Iw, hepatic veins; % intestine; iliac artery; ic, intercostal veins; 
zm; inferior mesenteric artery; iv^ innominate vein; kidney; /, liver; h, lumbar vein; p, 
pulmonary artery; pc, postcava; pl^ placenta; r, renal veins; ra, radix aortas; sc, 
subclavian artery; si, superior intercostal vein; sm^ superior mesenteric artery; sp, 
spleen; sv, splenic vein; ua, m, umbilical artery and vein; vd, vs, right and left ventricles; 
vv, remnants of vitelline vein. 

From the foregoing statements it wiH be seen that in the saurop- 
sida five vessels — three arteries and two veins — ^pass out through the 
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uiiibilicus to the fcetal adnexa, but in the mammals, where the yolk is 
wanting and the yolk sac reduced, and transitory in character, the 
omphalomesenteric artery and the vitelline ' vein disappear early, 
leaving but three vessels in the umbilical cord (fig. 356) . In the eias- 
mobranchs, where there is a large yolk sac but no allantois, only the ' 
yolk sac (omphalomesenteric) circulation is found. 

Circulation in the Separate Classes 

C Y CLOSTOMES present marked differences in the circulation of the two 
groups, the petromyzons being nearly normal, the myxinoids decidedly aberrant. 
The aortic arches -vary in number with the number of gill pouches (p. 266). In ■ 
the myxinoids the common carotid is connected with all of the efferent branchials 
by a trunk running parallel to the body axis, just dorsal to the gill pouches. The 
intersegmental arteries of the dorsal region are irregular, sometimes alternating, 
sometimes appearing in pairs on the two sides of the median line. ' In' the 
lampreys (fig. 357) the subcardinals are united behind, the postcardinais in 
front, these latter uniting with the single inferior jugular of the left side to form 
the impaired Cuvierian duct, the presence of which renders the sinus venosus 
asymmetrical and forces the hepatic veins to empty into the right side 0! the 
heart (fig. 358). The heart in all cydostomes has a rudimentary conus. 
The hepatic portal receives a vein from the head, and then passes back to a 
contractile portal heart, just before it enters the liver. 

' FISHES. “—In the fishes, the dipnoi excepted, the circulation corresponds 
rather closely in its main features with the primitive or embryonic condition 
described above. The purely venous heart is situated in the floor of the pharyn- 



Fig. 357. — Oblique ventral view of venous system of Petromyzon^ drawn ^from a 
corrosion preparation (Princeton, 669); ac, precardinal; c, caudal; gs, genital sinus; hv 
hepatic vein; ?}', inferior jugular; pCj postcardinal; sv, sinus venosus; ventral aorta 

geal region, between and behind the last pair of branchial arches. The atrium 
is dorsal to the ventricle. In the elasmobranchs and ganoids the valves of the 
conus are arranged in several transverse rows (3-8), but in the teleosts (Bulyrinus 
and Osieoglossiim excepted) they are reduced to a single row, apparently corre- 
sponding to the first of the lower forms. The aortic arches correspond in number 
to the functional gill clefts — six or seven in the notidanid sharks, five in other 
elasmobranchs, and at most four in ganoids and teleosts. The carotids of the 
sides are usually connected by a transverse vessel. Paired inferior jugulars 
are usually present, but they are lacking in Polyptertis, while in Lepidosteus 
and in many teleosts they are united at the base into a single trunk which empties 
directly into the sinus venosus. Epigastric veins are usually present, but are 
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lacking in .many bony fishes. The elasmobranchs are characterized by . the 

presence o£ verj- large sinuses in the postcardinal and hepatic veins. Valves in 

tile .veins .are common in the elasmobranchs. 

. ,DIP.NOI.~~-In this group the atrium, in correlation with the development, 
of lungs, becomes partially divided, as described above (p. 
atrioventricular valves occur, their place being taken by a strong ridge on the 
inner, side .of the atrial cavities. This, at the time of systole, closes the canal 
and .at the same time partially divides the ventricle into arterial ^and venous 
haives. ^ . The spirally twisted conus has eight rows of valves and in CeraMm 
the short truncus shows the beginning of a division' in Protopterus) 

separating the arteriaT from the venous arches. 
This separation is effected by a longitudinal fold 
which may be the result of the fusion of a row of 
conal valves. In all there are four aortic arches^ 
the anterior t^o m Protopierus receiving arterial 
blood. The principal veins are shown in fig. 355, 
A, the most important features being the develop- 
ment of the postcava, the rudimentary right 
postcardinal, and the fact that the hepatic veins 
empty into the sinus venosus (fig. 361) and not 
^ — Heart of iamp- |;|je postcava as in the amphibia. 

cMeffand^rightpostcISbab^^ AMPHIBIA.— In the amphibia the heart is 

/?, hepatic vein; right jug- carried back into the trunk, to an extent not found 

ular; jh Jh inferior and su- fishes, and it shows another advance 

perior left jugulars; /, truncus „ , , . , . ‘ m £ 

arteriosus; t’, ventricle. 1 b. development in having the atria in tront ot 

th^ ventncle, a condition which reappears in all 
of the higher vertebrates. The division of the primitive atrium by a septum 
atriorum is carried farther than in the dipnoi. This septum is fenestrated 
in the urodeles and gymnophiona, entire in the anura, but in none does it extend 
clear to the ventricular wall. In systole the edge of the septum is forced forward, 
completely separating the two atria. No corresponding septum is developed 
in the ventricle, but numerous muscular trabeculse extend through the 
ventricular cavity which tend to prevent the mingling of arterial and venous 
blood. Conditions differ in the lungless urodeles (p. 290), there being no atrial 
septum, the whole heart being venous as in fishes. In Proteus, Cryptohranchus, 
and csecilians the arterial bulb and trunk are simple, but in many other urodeles 
and in anura they are spirally twisted and the bulb contains a spiral fold or sept urn 
(fig, 362) which possibly is the result of fusion of valves. This fold separates 
the trunk into two tubes. This division is continued in the anterior part of 
the truncus by a horizontal septum (short in urodeles, longer in anura) separating 
aortic and pulmonary trunks, the former subdivided in a similar way a little 
farther forward into carotid and aortic portions. 

In the early amphibian larvae each fully developed aortic arch except the 
last (morphological sixth) extends into the gills, but as the branchiae begin to be 
absorbed, a small vessel connecting the bases of the afferent and efferent arteries 
enlarges and becomes the path of the main blood stream and a part of the arch 
of the adult (fig. 363). Of the four arches (3, 4, 5, and 6 of the primitive 
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scheme) the fifth is lost in the adults of all except a few urodeies and c^cilians. 
The fourth connects with the dorsal aorta and the sixth with the pulmonary 
arteries. These last, which have a Botall^s duct on one or both sides in some 



Fig. 359. — Anterior arterial vessels of the tile fish (Lopholatilus) , after Silvester, 
atrium; ab, to air bladder; am, to angle of mouth; c, coeliac axis; d, dorsal arteries; da, 
dorsal aorta; ec, external carotid; g, genital artery; gs, gastrosplenic; h, hyoid artery; ha, 
hepatic; I, lingual; Ig, left gastric; m, mesenteric; mh, middle hypobranchiai; 0, ophthal- 
mic; pa, parietal; po, postorbital; ps, pseudobranch; rg, right genital; so, supraorbital; 
V, ventricle; m, ventral aorta. 

urodeies, are noticeable for the large cutaneous arteries — anterior and posterior 
— which arise from them in the anura, and which play an important part in 
respiration. Connected with the carotid arteries are the carotid glands (p. 



Fig. 360. — Anterior venous S37Stem and heart of Lopholatilus, after Silvester, a, 
auricle; al?, veins from air bladder; h, bulbus; brachial vein; c, cerebral vein; 
Cuvierian duct; cv, caudal vein; d, dorsal branches of parietal veins; /, facial vein; 
gastric veins; ip, hepatic portal; hv, hepatic veins; outline of mesonephros; 0, 
inferior jugular; in, is, veins from intestine and spleen;y, jugular; I, liver; m, mesenteric 
vein; p^, postcardinal; pd, postcloacal; per, peritoneal; pk, pharyngeal; pa, postdrMtal; 
re, anterior revehentes; :r,, sinus venosus; si, veins from ^stomach and intestine; thy- 
reoid; tm, thymus; v, ventricle; va, ventral aorta; v/, vein from ventral fin. 

276). In the larvai'stage each consists 'of a network- of ' blood-vessels—a rete 
'mirabiie— 'between, the- afferent , branchial and. .the carotid: arteri'es;, ..biit, in, the" 
adult' this-'riegenerates into a' .small muscular organ containing sympathetic cells 
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at ,tiie j.iiiictiori of external and internai carotids. The caudal artery and vein 
■entirely disappear in the, adult anura.- 

The.postcava is always well developed and the ■epigastric' (lateral abdomi- 
nal) veins unite to form an anterior abdominal vein (fig. 3S4) so that the 
blood from the hind limbs may return- to the heart through either the anterior 

abdominal and the hepatic portal system 
or the renal portal system and the postcava. 

In the lungless salamanders the heart 
and blood-vessels show correlated modifica- 
tions. Those of the heart were mentioned 
above. The pulmonary arteries and veins 
fail to develop, but the cutaneous arteries 
and the smaller vessels supplying the 

enlarged, 


Fig. 361. Fig. 362. 

Fig. 361. — Heart and adjacent parts of Proiopterus^ after Rose, a, atrium; aoe^ 
oesophageal artery; c, conus; h, hepatic vein; ji^je^ superior and inferior jugular veins; 
I, air bladder (lung); oe^ oesophagus; pa, pulmonary artery; pc, postcardinal vein; ph, 
pharyngeal artery; s, sinus venosus; sc, subclavian vein; 1-4, afferent branchial (aortic) 
arteries.', 

Fig. 362. — Heart of frog laid open, based on figures by Bourne, av, atrioventricular 
valve; c, carotid; la, left atrium; p, opening of pulmonary vein into atrium; pa, pul- 
monary arch, connected with bulb at po; ra, right atrium; s, opening of systemic veins 
into atrium; sv, spiral valve in.bulb; v, ventricle.- 


respiration being effected by the skin and the mucous membrane of the 
throat. 

The action of the anuran heart may be outlined here. The two atria, filled 
with blood, contract at the same time, forcing arterial and venous blood into 
the ventricle, but these are kept from extensive' mixing by the muscular tra- 
becula already mentioned. At the systole of the ventricle, the venous blood, 
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whicli lies nearest the biilbiis (see fig. 362) is first forced forward. This takes 
the most direct course through the' wide and shorter pulmonary arteries, which 
are practically empty at the time. The next portion of the blood — mixed arterial 
and venouSj follows the next easiest course through the aortic arches, while the 



Fig. 363.— Diagram of the aortic arches in amphibia. Arterial blood cross lined^ 
venous black. The gill circulation omitted, its course indicated by arrows; the per- 
manent circulation after the absorption of gills shown, eg, carotid gland; da, dorsal 
aorta; d, ductus Botalli; pa, pulmonary artery; va, ventral aorta; 3-6, aortic arches. 



: FiG.^364."— A; dorsal view of, heart of- crocodile, after- Rose; B, ventral scheme ; of- 
■heart'laid open, after Grell. - h, remnants’-of BotalFs duct;,c, carotid trunkyezf-, , cardinal 
vein; cmliac artery; d, dorsal aorta; foramen Panizzss; h, coronary arteries; 
jugular vein; /, left aortic arch; la, left atrium; Iv, left ventricle; pa, pulmonary artery ; 
pc, postcava; pv, pulmonary vein; r, right aortic (fourth) arch; ra, right atrium; td, 
right ventricle; si, sr, left and right subclavian arteries; v, ventricle. 

last to leave the ventricle, consisting of pure arterial blood, can only go to the 
carotids, where the resistance is greater on account of the small size of the 
vessels and the obstacles presented by the carotid glands. 


■33'6 .COMPARATIVE MORPHOLOGY. OF VERTEBRATES 

REPTILE.S.— The circulation in the reptiles shows , several , advances over 
■ that in the , amphibia. The division of the heart ^is carried into the ventricle, 
and t,he si,iius venosiis is not visible from the exterior, though valves at t e en 
trance,' of the veins into the atrium (fig. 337? show that it has not entire y 



disappeared. The atrial septum is complete and is continued forward into, 
the ventricle, partially (SphenodoUj turtles, squamata) or completely (crocodiles, 
fi§' 3^4, B) separating it into arterial and venous halves. The arterial trunk 
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Fig, 367. 


Figs, 3655 366, 36 7, —Circulatory system oi Desmognalhus fuscus, after Miss Seelye; 

365, superficial vessele; fig, 366, deeper vessels; fig, 367, vessels of the dorsal-body 
wall; all from the ventral surface, aames, mesenteric arteries; acwl, cutaneous artery; 
adm^ duodenal artery; aepig, epigastric artery; agy artery to anal gland; agus, gastric 
arteries; hepatic artery; ai/, iliac artery; aintcom, communis intestinal artery; 
anus; , ' aorta; ocular artery; pharyngeal artery; apul^ pulmonary 

artery; asc^ subclavian artery; splenic artery; dZ, urinary bladder; (;o,. caudal artery; 
mimagf cutaneus major vein; cutp, . cutaneus parva vein; cv, caudal vein; ec^ external 
carotid, eximaXj external maxillary; fc, internal- carotid; ilvj iliac vein; intcomi cornmon 
intestinal; internal jugular; inti}^ intes tinal ; vein; lingual;' ^, liver; 

maxsup^ inferior and superior m,axiliaries; mn^ mesonephros; oesophagus; ^<;, postcava; 
f, rectum, spL spleen; st, stomach; sv^ sinus venosus; mbd, abdominal vein; vcut, cutaneous 
vein; vhp^ hepatic vein; verti vertebral artery; vmeSj mesenteric vein; portal vein; 
wa, vena renalis advehentis; vsp, splenic vein; wes, vein from bladder. 

22 
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' ■The peculiar' reiat ions of the aortic arches have already been described 
. (p. 314,; %. 339, E,F), but it should be mentioned that there is often a connection 
.between the right and left fourth aortic arches — the foramen of Panizza^figs,. 
337, ,E,, 364, B), so tliat blood can pass from one side-. to the other. ^ It is .stated 
that mdtli quiet breathing blood goes from the right -arch into the left; with rapid 
.respiration the fioi? is in the other direction, -But .under ordinary conditions 
the blood in the right arch is predominantly . arterial, that^ in the left largely 
’venous. .As the .latter is the chief supply of the alimentary ca,nal (fig. 3-64, ca) 
this,. is .not .physioiogicaliy as aiiomalo'iis as it w’ould at. first' sight appear.. Corre- 


Fig. 368. Fig. 369. 

Fig. 368. — Fleart of snapping turtle, Chelydra serpentina (Princeton, 479). aa, 
aortic arch; c, cceliac artery; da^ dorsal aorta; db, BotalFs duct; eCj fc, external and in- 
ternal carotids; la, left auricle; p, pulmonary artery; ra, right auricle; sc, subclavian 
artery; v, ventricle; m, mesenteric artery. 

Fig. 369, — Posterior veins of alligator, after Gegenbaur. a, lateral abdominal; 
av, advehent veins; c, caudal; i, ischiadic; il, iliac; k, kidney; I, entrance of lateral ab- 
dominal into liver; pc, postcava; rv, revehent veins. 

lated with, these differences of the fourth arch on the two sides is the fact that 
both of the subclavian arteries arise from the left arch, while usually these are 
united with the carotids, so that subclavians and carotids form for a distance a 
common trunk, the brachiocepliaHc artery. In the snakes the subclavians are 
lost, while in the same group and in the snake-like lizards one of the pulmonary 
arteries disappears along with the degeneration of the corresponding lung, 

many reptiles the anterior parts of the postcardinal veins are replaced by 
the vertebral veins and the blood from the excretory organs is wholly returned to 
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tile heart by the postcava. That from the posterior parts of the body can re- 
turn either by the renal portal system' (fig. 369) or by the paired abdominal 
veins' and the hepatic portal system. The vertebral, or impaired, veins, just 
alluded to, 'unite with the subclavian and the jugular of the same side to form a 
common trunk (really the Cuvierian duct) which is here called the precava (vena 
cava anterior^ the postcava being the vena cava posterior). 

BIRDS,— There is a complete, division of the heart and arches in the birds, 
and the right arch alone, of the fourth primitive pair connects in the adult with 



Fig. 370. — A, Heart and adjacent vessels of swan, after Gadow; renal circulation 
of bird, after Gegenbaur. aorta; c, carotid; cj, cosliac artery; rd, caudal vein; 
coccygeo-mesenteric vein; cr, crural vein; h, hypogastric vein; y, l^ft jugular; w, mesen- 
teric artery; ^?, cesophagus; oesophageal artery; pulmonary artery; precava; 
po^ postcava; right jugular; subclavian artery; j 5 , trachea; thoracic artery; iV, 
.thyreoid; 2^, vertebral artery.' ■ ' ■ 

the dorsal aorta (fig, 341, D). There is the same formation of brachiocephalic 
arteries as was noted in the reptiles. In the heart the right ventricle is crescent- 
shaped in horkontal section, and it tends to embrace the other. In both there 
is but slight development of the muscular trabeculae. The conus and the sinus 
are lost. The truncus is completely divided (fig. 370, . 4 ), the arch coming from 
the left ventricle connecting with the right fourth arch, which alone reaches the 
dorsal aorta in the adult, the left of the pair continuing only as far as the origin 
of the subclavian of that side. There is the same disappearance of the post- 
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cardinals as., in rep tiles, while the iliac veins extend to the' postcava (iig» 37^5 
The right jugular vein is larger than the leftj which Is sometim.es. comp ete y 
closed. ' . 

■ MA.MMALS.— In the mammals the. two sides of the hearty are completely 
separated^' and the sinus is merged in the right atrium^ the sinuatrial valves 
being nidimeiitary (valvulffl EustacMi and Thebesi in the base of the postcava 
a.iid the coronary .vein respectively). In the monotremes both atrioventricu. ar. 



'Fig. 371. — -Modifications of the origin of the carotid and subclavian arteries ..iH; 

mammals. 


valves consist of three cusps, but elsewhere the right is tricuspid, the left bi- 
cuspid. The persistent left aortic arch forms the only connexion between^the 
heart and the dorsal aorta, and from its arch the subclavian and carotid arteries 



Fig. 372. — Development of posterior veins of rabbit, after Hochstetter. C and D 
represent only the hinder part of the whole shown in A to G. In B the veins for the 
postcavai-subcardinal system have tapped the postcardinal veins, which in C have lost 
their connexion with the anterior part and empty now through the postcava exclusively. 
In E the left posterior postcardinal is entirely lost, ischiadic vein; fe, external iliac; 
j, jugular; mij metanephros (kidney); postcava; postcardinal; 5, subclavian; sc^ 
subcardinal; 5f, suprarenal;. «, ureter.- 1 : 

arise. In their arrangement almost every conceivabie condition may . occur 
(fig. 371), brachiocephalic arteries on one or both sides being common. 

The renal portal system (best developed in the monotremes) has but a tran- 
sitory existence, disappearing early ’with the degeneration of The mesonephroi 
(Wolffian bodies). As these organs disappear a part of the capillary system of 
the ' Wolffian bodies enlarges and forms a'.mam trunk connecting the' poStca,va ' 
with the posterior :parts of the postcardinal veins (fig. 372, C) which bring the 
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blood from the tail, the lilacs and the permanent kidneys. .With farther develop- 
ment (D, E) the left postcardina! is largely lost (except the .part connecting with 
the suprarenal and gonad of that side), and all the blood from the posterior part' 
of the body is returned by, the right postcardinal and the postcava,, which appea,r 
(fig» 373, /4)' as if they arose from a union of the iliac veins. ' Correlated with’ 
these changes in the venous system and the impossibility of venous' blood enter- 
ing the excretory organs, there-, is developed a renal artery from the aorta .fox 
each of the permanent ' kidneys. 

The anterior parts of both subcardinals separate from the portions formeriy 
connected with the excretory organs and are henceforth known as .the azygos 
vein on the right side, the hemiazygos on the left. Farther, either the azygos 
or the hemia23^gos may disappear,' or, as in man, the hemiazygos may be inter- 



Fig. 373.— Development of the anterior veins of a mammal. A, earlier stage, to be 
compared with. fig. 373 C; B, definitive condition of adult, a, azygos; c, coronary; % 
external and internal jugular; ha^ hemiazygos;- il, .iliac; in, innominate; p, postcava; pc, 
postcardinal; pfc, precava (superior vena cava); si, superior intercostal -veins. 

rupted and the blood from, the hinder, part be returned to ,the ,heart by -way nf a 
cross connexion (hg. 373) and the azygos of the right side. In such a case the 
anterior .part of the hemiazygos is. called, the superior.. intercostal, vein. '.'.The,, 
abdominal , veins are important- in foetal life, bringing .Mood from the placenta 
to the embryo. 

In the lower mammals (monotremes, marsupials, ungulates, ■ insectivores 
.and. bats) the Guvierian ducts- of. both sides persist' as.' in. the non-mammalian 
classes. In.. whales, edentates, carnivo.res and primates. 'an .innominate vein.. 
..extends across from the carotid-subclavian' trunk of one side to the other (fig. 
373 .', -jB) so that all of .the'.bio.od-'is returned to the, heart' by, ".means of the: "base,, of 
the right trunk, now known as the; 'p-reca.va (vena cava, anterior). ,,'AIl.,'that' 
persists of the left Cuvierian duct, is the .coronary , vein, returning blood';, from 
the wall of the heart to the right atrium (fig, 356). 
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■ THE LYMPHATIC SYSTEM 

The lymphatic system consists of (i) a series, of lymph.- vessels 
which peiie.trate all parts of' the body; (2) .of pulsating portions, of 
these.; vesselshthe lymph hearts; and '(3) peculiar aggregates of con- 
nective' tissue, leucocytes and lymph-vessels which are grouped under 
the. genera!, head of lymph glands. . 

T.!ier€ are different vle'ws as to the morphology of the blood and lymph sys- 
tems. , ,i\cco.rdirig to one (Marcus) the tymph-vessels were primitively connected: 
with the coelom and have only secondarily come into relations with, the, blood- 
vascular system. .'Others think that both blood- and lymph-vessels have arisen 



Fig. 374. — Early development of the lymph-vessels in the cat, after McClure and 
Huntington. . 4 , in 6.5 mm. embryo; B, in 10.5 mm. embryo; C, definitive stage; D 
diagram of developing diverticula of chick which are to form lymph heart, based on 
Sala, aCf anterior cardinal vein; coccygeal veins; cd, Cuvierian duct; cv^ cephalic 
vein; dls^ dorsal veno-iymphatic sinus; ej, ij, external and internal jugulars; pc, post- 
cardinal; prc, precava; sv, subclavian; th, thoracic duct; id, primitive ulnar lymphatic; 
iiva, anlage of ulnar vein; vis, ventral veno-lymphatic sinus; 1-7, segmental vessels; 
lymphatic-forming tissue stippled. 

from extracoelomlc spaces, from which, by modification and specialization, the 
two systems have been differentiated. The fact that in many invertebrates 
there is but a single system, best compared with the lymph system of the verte- 
brates, and that, even in the Crustacea, lymphatic and blood systems are but 
partially differentiated, is of interest in this connexion. 

The lymph-vessels are, in part, capillary in character, with walls 
of endothelium. The larger ducts and still larger sinuses are 
strengthened by the same layers of smooth muscle fibres and elastic 
and fibrous tissue as occur in the blood-vessels (p. 301). The capil- 
laries have numerous anastomoses, but the larger vessels are said to 
terminate blindly, while, at leastin the higher vertebrates, some may 
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connect with the cc^lom by minute openings (stomata) in the peri- 
toneal wall. In the mammals' and, to a less extent in the birds, the 
larger vessels have valves at intervals to prevent the backflow of 
the lymph, these valves often giving the vessels a nodulated appear- 
ance. Proximally the lymph- vessels empty at two or more points 
into the veins. The fluid portion of the lymph is derived in part by 
osmosis from the walls of the blood capillaries, in part from the ali- 
mentary canal. 



Fig. 375. Fig. 376. 


Fig. 375. — Superficial lymph-vessels of a tadpole of a frog, after Hoyer. 

Fig. 376. — Course of both thoracic ducts in 17-day chick embryo (Sala). Arteries 
white; veins cross-hatched; lymph vessels black. Vj, dorsal aorta; c, coeiiac axis; i, 
ischiadic artery; h, hypogastric vein; 7 , lymph hearts; m, mesenteric artery; p, pulmon- 
ary artery; precava; 'i;, umbilical artery. 

The development of the lymph- vessels has been traced mainly 
in birds and mammals (chiefly in the latter), with fewer observations 
on amphibia and other classes. Many points remain to be worked 
out, there being considerable differences in the various accounts. 
Apparently the process in its main features is as follows: 

Near the junction of pre- and postcardinals on either side numer- 
ous small diverticula are given off from the lateral side of these veins 
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(fig. 3 74, A ) , These diverticula unite with each othei^ f omiing small 
tubes paraliei to the parent vessels and united to them ior a time at 
numerous points where the budding took place. Later these con- 
nexions are lost and the tubes are separated from the veins (fig. 374? -S) 
f omiing ,an anterior cephalic dtictj extending forward, parallel to the, 
jugular vein; an ulnar lymphatic duct destined to grow into the 
fore limb; and, a little later, a thoracic duct grows back, paraileLto 
the postcardiiial vein. AH' of these vessels are united near tlieii 
point of origin by a large sinus, the jugular lymph sac (fig. 374? 

X a ter the lymph sac reestablishes communication at one or two points 
■in, the subclavian-jugular region with the vein. 



Fig. 377. Fig. 378. 

Fig. 377. — A, truncus and cardiac lymph heart of Salamandra, after Greil; 
entrance of lymph- vessel into a vein, after Weliky. cz, aortic arch; c, carotid; ly left 
revehent lymph- vessel; containing valves; /y, lymph heart; py pulmonary arch; f, 
right revehent lymph-vessel; .y, spiral valve of truncus; if, advehent lymph- vessel; v, 
vein; z?/, valve at entrance of lymph into vein; 5, fifth aortic arch. In A the heavy dotted 
line indicates the anterior extent of pericardium. 

Fig. 3 78. — Scheme of caudal lymph heart of teleost, after Favaro. Gy atrium; lymph 
vessels; to, lymph sinus; 2>, ventricle; vsy venous sinus of caudal vein. 

The conditions at the posterior part of the body are less certainly 
known (fig. 374, D) . A cistern of chyle (a mesenterial lymph sac) 
and a posterior lymph sac develop in close connexion with the post- 
cava in the region of the nephridial organs, and it is possible that a 
portion of the thoracic duct grows forward from the cistern of chyle, 
while other vessels grow into other regions. Later the primitive 
trunks thus outlined give off branches which gradually extend into 
all parts of the body, but of their development little is known. 
Anastomoses occur between the vessels of the two sides of the body 
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and not infrequently the thoracic duct of one side shows more or less 
degeneration j resulting in a lack of symmetry in the adult. ' 

Not enough is known of the distribution and development of the 
chief lymphatic vessels in other animals to render broad generaliza- 
tions possibkj but it can be said that in all groups the system is most 
extensively developed in the subcutaneous tissue (fig. 375)^ in the 
meninges of the central nervous system, in the intermuscular con- 
nective tissue, in the mesenteries and the walls of the alimentary 



Fig. 379. — Deeper anterior lymphatics (stippled) of after Allen, 

auricle; ^3^65, abdominal sinus; 5 , brachial sinus; hr, brain; a, cephalic sinus; dorsal 
trunk; /w, facialis-mandibularis vein; hyoid sinus; inferior jugular vein; 
inner pectoral fin sinus; j, jugular vein; I, lateral trunk; 0^, orbito-nasal vein; peri- 
cardia! sinus; pfj profundus facialis lateral trunk; pv, profundus ventral trunk; 5/,. 
superficial lateral trunk; superior spinal longitudinal trunk; ventricle; va^ ventral 
aorta; vfs^ ventral fin sinus; vp, ventral pericardial sinus; ventral abdominal trunk. 

canal, and as a network in close relation to the blood-vessels in all 
parts of the body. 

The Ismiph hearts are enlarged portions of the lymph-vessels 
which have contractile walls, are provided with valves to prevent 
backflow of the fluid and which force the lymph into the veins. Usu- 
ally they are near the entrance of the lymph-vessels into the veins. 
In most eases these hearts contract by means of the intrinsic muscles 
of the walls, but in some urodeles {Ambly stoma, Salamandra, fig. 
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3'77^,. -. 4 ) there is an impaired lymph heart beneath the trimciis arte- 
riosus in sucli relatioiis that it enlarges and contracts with the systole 
and diastole of the blood-vessels. 

, ■ As was intimated above there is a constant osmosis of fluid from 
' the blood capillaries into the surrounding tissues. This finally passes 
into the distal capillaries of the lymph system, while in the walls of 
the alinientary canal there are, in addition, the results of the digestive 
processes added to the fluid in the lymph-vessels. As this latter 
'■ portion lias a milky appearance, due to the contained fat, it is called , 
chyle and the lymphatics which contain it are . called lacteals and 
chyle ducts. All of these additions to the contents of the lymph- 
vessels make a current in the larger lymph trunks, and finally the 
whole of the lymph is returned to the veins by the several connexions 
already mentioned. In addition to the propelling force of the lymph 
hearts and the pressure due to absorption and osmosis, the lymph is 
also carried along by the motions of the parts in which the vessels 
ramify, their pressure being supplemented by the action of the valves. 

In all fishes which have been accurately studied the lymph system is well 
developed (fig. 379), consisting of numerous trunks running through the body 
and head, these connecting with unpaired sinuses in connexion with the dorsal 
and anal fins and between the pectorals. The system opens into the veins in 
both the cardiac and the caudal regions. In the caudal region (teieosts, myxi- 
noids) are larger cavities which are usually regarded as bmiph hearts, but this 
interpretation has been doubted in the case of the teieosts. The mechanism of 
the caudal heart may be understood from figure 378. 

In the urodeles there, are two sub vertebral trunks, united behind, but separate 
in front, which empty into the corresponding subclavian veins. Into these 
trunks a cephalic trunk on either side empties. More superficial is a trunk on 
either side which follows the lateral line, and connected with this are a series 
of lymph hearts, from fourteen to twenty in number. In the anura (frog) is 
the replacement of the ordinary tubes by large spaces, some superficial, some 
deep in the body, into which the lymph capillaries empty. These are connected 
with each other, while they are connected with the veins by openings into the 
vertebral branch of the internal jugular and into the iliac, there being lymph 
hearts connected with each of these openings. The anterior lymph hearts lie 
between the transverse processes of the third and fourth vertebra, the caudal 
lateral to the end of the urostyle. In the anuran tadpole there are additional 
hearts in the trunk which follows the lateral line. The cascilians are stated to 
have a pair of lymph hearts for each segment of the trunk. 

In the reptiles there is a well-developed subvertebral lymph trunk, which Is 
said in some cases to envelope the adjacent blood-vessels, dividing in front to 
empty into both brachiocephalic veins. Behind there is a connexion with the 
ischiadic and renal veins. Near this point, usually just posterior to the dorsal 
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end of tlie iliiimj,' there is a lymph heart on either side. The vessels are numerous 
and very large in snakes, and a pair of lymph hearts occur in the same relative 
position as in other orders. In the birds (fig. 376) there are paired main vessels 
(thoracic ducts) united behind, and there are two pelvic hearts, which, howeveig 
are not contractile in the adult ratites and disappear from the adults of other 
groups. 

In the mammals the primitively paired thoracic ducts are sometimes re- 
tained throughout life, but usually only one persists. This begins at the cistern 
of, .chyle in the lumbar region and empties into the left brachiocephalic vein; 
near the entrance of the single cephalic lymph duct. The thoracic duct receives' 



Fig. 380.“— Early lymph system (black) of 10 mm. rabbit embryo, after F, T. 
Lewis, at, anterior tibial; c, caudal; fi, primitive fibular; ej, externaL and internal 
jugular; external mammary; pc, postcardinal; wil, primitive ulnar veins. 

the lymph- vessels from the limbs and others (lacteals) from the alimentary 
canal In those cases where there is but a single thoracic duct in front, its 
representative on the right side is a much smaller vessel connected with the 
right side of the venous system. No lymph hearts are known in the mammals. 
The jugular lymph sacs of the embryo have been regarded as such, but the 
absence of valves and muscles in the walls renders such an interpretation 
doubtful. 

As a part of the lymphatic system are to be enumerated lympli 
follicles,, lymph glands (or knots) and blood lymph (haemolymph) 
^Iwds. The follicles (often called Peyer^ patches) appear in the 
testinal wall from reptiles upward. They consist of reticular 
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' coBBectwe tissue crowded with leucocytes (lymphocyt.|^^^; 
aud mammals (their existence in sturgeon and crocodiL f V f 
■the'lpoph glands are found. These are aggregates of ^ 

enclosed in a common capsule, and in close relation to ^ s 

which send afferent and eff'erent branches into them,, 

;iip into a network of sinusoids'on. the interior. , None^'^^f nown in 
fishes or amphibia. In a. few reptiles glands beneath tl integument 
are interpreted as such,, while in birds they are found ^ 
the neck and anterior part of the thorax. In mammak’ accom- 
pany most of the larger lymphatic trunks and are wide^^^ distributed 
through the body. ^ 

The spleen is in some respects intermediate betwe^.^^ lymph 
glands and the blood-lymph glands. It lacks the . 
efferent lymph-vessels and has a rich blood supply. I^ arises in the 
wall of the alimentary canal as an aggregation of 
and the statement that there are entodermal contribul'^^^® it has 
been contradicted. The differences in its position i’^ various 
groups leads to the view that it originally belonged ^ greater 
length of the digestive tract, and that different portf^^^^ 
veloped in the separate classes of vertebrates. In tb^^® cyclostomes 
there is no distinct spleen, but cavernous tissue in 
has been interpreted as splenic. In many fishes it? ^ compact 
organ, while in others it is composed of separate distrib- 

uted along a considerable length of the canal. In tuSS-i^S-and frogs 
it lies along the intestine, while in urodeles, reptiles, and most 
mammals it is a compact body near the stomach, monotremes 
it is three-lobed, the posterior lobe extending back intes- 

tine. The spleen serves, apparently, as a place for disintegra- 
tion of the red blood corpuscles as well as functioning ^ leucocyte- 
forming organ. Recent studies tend to show that spleen may 
play an important part in the formation of anti-bodi^'^ ^^d thus has 
a value in resistance to infection. It may also ha indirect 
connexion with the formation of erythrocytes. 

The tonsils (p. 278) belong to the category of b/niphoid struc- 
tures. Under this name are included two kinds of ' Structures, the 
pharyngeal and the palatine tonsils. The first of the 

roof of the gullet, the palatine being situated between, the inner ends 
of the Eustachian tubes of amniotes, in mammals or^ either side of 
the pilla'rs of the fauces. Besides these there are tonsxib 

the sides of the roots of the tongue, and other simik^^ structures at 
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various points of - the floor and roof of the tetrapoda, concerning' 

■ which our knowledge is scanty. 

The hamolymph glands difl'er from the true lymph glands in the 
presence of red blood corpuscles. Their function is supposed to be 
somewhat the same as that of the spleen — the destruction of the 
red blood corpuscles, and possibly the formation of both leucocytes 
■and erythrocytes. This latter type is rather uncommon, being 
largely confined to the neighborhood of the aorta and' its chief 
branches, and to that of the postcava. 

Mention should be made of other possibly lymph structures. 
Among these are the fat bodies (corpora adiposa) — band-like (uro- 
dele) or lobulated, richly vascularized masses of fat (anura) connected 
with the gonads of the amphibia (fig. 401). Of their origin and func- 
tion little is accurately known. . They are usually stated to arise 
from a modification of the wall of the postcava, but lately they have 
been said to come from the same general mass as the gonads 
themselves. It is suggested that they prepare some substance for 
the gonads, a view in accord with the fact that they are greatly 
reduced in the spring of the year. Even less is known of the hiber- 
nating glands of rodents and insectivores, masses of fat with (for 
fat) a very rich blood supply. 

THE UROGENITAL SYSTEM 

In several phyla of the animal kingdom there is an intimate rela- 
tion between the reproductive and excretory organs, the ducts of the 
latter serving either to carry the products of the gonads directly to 
the exterior or acting as brood organs where a portion of the develop- 
ment of the egg takes place. This association of the two systems is 
especially intimate in most vertebrates and hence this section is 
headed Urogenital System, because of the difficulty of treating the 
two components separately. 

The urinary or excretory organs have for their purpose the elimi- 
nation of the nitrogenous waste (and occasionally other products) 
.from the system. They are paired -organs which consist of glandular; 
portions, the nephridia (kidneys), and their ducts. The reproductive 
organs include the gonads , or sexual ^glands, ’. which (ovaries) pro- 
duce the eggs or (testes), the spermatozoa,. and the passages by which 
these products are carried to the external world. To these are fre- 
quently added accessory reproductive. structures by which,; in cer- 
tain cases, the sperm is transferred to the female. 
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THE EXCRETORY ORGANS 

The nephridia consist of a series of excretory tubules, specialized 
in different ways, and of the ducts into which the tubules empty. As 
the function of the nephridia is the elimination of the nitrogenous 
waste (uric acid, urea, etc.) which accumulates in the blood, they 
have an abundant blood supply, entirely derived, in the younger 
stages of all vertebrates and in the adults of the higher groups from 
the dorsal aorta, while in the later developmental stages and in the 



Fig. 381. — Urogenital organs of Emys europea, after Bojanus. b, urinary bladder, 
laid open; g, opening of vas deferens into the urogenital sinus; k, kidney; t, testis; u, 
ureter; vd, vas deferens. 

adults of most anamniotes the aortic blood is supplemented by blood 
coming from the tail and hind limbs by way of the caudal and iliac 
veins (fig. 354). 

In its extreme development one of the excretory tubules may con- 
sist of the following parts (fig. 382) : At the proximal end the tubule 
opens into the coelom (metaccele) by a ciliated funnel, the nephro- 
stome ; the cilia, which may continue for some distance along the 
inside of the tubule, serving to create a current which carries the 
coelomic fluid into the tubule and thenCe outward. Farther along 
the tubule expands into a 'Malpighian pr renal corpuscle (fig. 1383). 
This consists of a vesicle OBowman’s capsule), one side of which 
projects into the other, nearly filling the cavity. This inturned por- 
.tion is the glomerulus. It consists of a network of capillary blood- 
vessels — a rete mirabile — supplied By, an artery and drained by a 
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vein. Beyond the connexion with the 'Malpighian body the tubule 
becomes contorted or convoluted and its cells are strongly glandular 
in character. This first convoluted tubule is succeeded by a nearly 
straight tract, folded once on itself into the descending* and ascending 
limbs of Henle^s 'loop. Next follows the second convoluted tubukj 
which passes by means of ' a short connecting tubule into a non-giandu- 
lar collecting tubule into which several other systems of excretory 



Fig. 382. — Diagram of conventionalized excretory tubule, a, ascending limb of 
Henle’s loop; Bowman’s capsule of Malpighian body; first and second con- 

voluted tubules; cty collecting tubule; d, descending limb of Heiile’s loop; g, glomerulus 
of Malpighian body; with artery and vein; Henle’s loop; nephrostome opening 
into coelom; entrance of other tubules into collecting duct. 

tubules enter, and which leads more or less directly into the urinary 
duct which conveys the waste from the excretory organ to the exterior. 

One or another of these typical parts may be lacking in certain 
, groups. Thus in the amnio tes the nephrostomes are never formed, 
though they occur in most ichthyopsida. In the pronephros the 



Fig. 383. — Diagram of renal (Malpighian) corpuscle, a, artery; 5 , Bowman’s capsule; 
g/, glomerulus; n, nephrostome; nephridiai tubule; vein. 

Malpighian corpuscle is rudimentary or lacking at all stages, while 
there is no differentiation of convoluted tubules and Henle’s loop. 

The function of the various parts of the nephridiai tubule is in 
outline as follows: Theoretically it would appear that m the primi- 
tive condition the nitrogenous waste, which is elaborated in the liver, 
collected in the coelom and, together with the ccelomic fluid, was 
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passed outward througli . tlie nephrostomes and tlie tubules/ “wHch 
acted merely as ducts, . Higher in the scale the parts become more 
differentiated and specialized., 'The renal corpuscles form a filtering 
apparatus* by which water is' passed from the blood-vessels of the 
glomeriiius into the tubules near their beginning, and this serves to 
carry, out the urea, uric acid, etc., secreted by the glandular portions 
of the walls :Of the tubules (convoluted tubules, ascending limb of 
.Henle^s loop), 

' In development there may be two or three successive, series of, 
nephridial structures, the higher', number occurring only in the amni- 
otes. These are known as the pronephros (head' kidney), meso- 
nephros ,: . (Wolffian ■ body) , and the metanephros (permanent kidney 
of the ,amniotes).. All three are closely related in development and 
structure,. but , are distinguished ■ by differences in .origin , and in the 
final details. , 

^ , Three, views are held as to their relations one to another. According to one „ 
they 'are parts of an originally continuous excretory organ (holonephros) which" .■ 
■ extended, the length of the body' cavity.: ' This has become broken up into the 
,'separate parts .which differ merely, in. time of development and function, . with 
minor modifications in details. A second view is that they are three separate 
organs, ■ while a. third regards them as superimposed structures which occasion 
ally overlap (birds, gymnophiona) and thus are not, strictly speaking, homolo- 
gous but rather homodynamous. The first view has the most in its support, 
but for convenience the three structures are kept distinct here. 

All three nephridia arise from the mesomeric somites (p.'i6) pr 
from the Wolffian ridge which appears on either side of the median 
line where the mesomeres separate from the rest of the wall of the 
body cavity, the mesomeric cells furnishing the nephrogenous tissue 
from which the definitive organs develop. 

Pronephros. — tht pronephros is the first to appear in develop- 
ment. As will be recalled (p. i6) the mesomere, like the epimere, 
becomes segmented; and later, when the epimere separates to form 
the myotome, the dorsal end of each mesomere becomes closed, (fig. 
384, B) the whole then forming a sac, opening below into the ventral, 
undivided coelom (metacoele). A varying number of these nepliro- 
tomes (as they are called) lying a little behind the head are concerned 
in the formation of, the pronephros,/^some tele,Qsts, one; two in most 
urodeles and amnio tes; three ^ in lampreys, afiifra, some sharks and 
some amniotes; four or five in some sharks and Lepidosteus; seven 
or eight in skates; eight to eleven in Amia; and a dozen in some caeci» 
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Mans; while it is claimed that the whole series of nephridiai tubiiies of 
Bdellosloma is pronephric). The somatic wails, of these riephrotomes 
(fig. 384) grow out toward the ectoderm,, thus formmg slender 
pronephric tubules (amphibia), or solid cords which later becoiii.e 
canalized (elasmobranchs, amniotes), but in all cases they eventually 
form tubes, the proximal end of each communicating freely with the 



Fig. 384. — Scheme of origin of pronephric tubules after Felix. A, earlier, 5, later 
stage, c, coelom; dl, pronephric tubulei and duct; e, epimere; h, hypomere; m, mesomere 
(lined); wy, myotome; n, nephrostome; sp^ somato- and spianchnopleure. 


metacoele by way of the cavity of the nephrotome, the opening of 
the latter into the metacoele being the nephrostome. As will be 



understood, these tubules, like the nephrotomes'y-.are metameric in 
character, equalling the somites in The distal ends grow 

outward until they are just^J^gjigatli the ectoderm, when they bend 


^o|i^ti:uction Irom longitudinal sections of pronephros of Hypogeophu 
' Pronephric duct {pd) and primary pronephric tubules light; 
(nephrotomes) black; glomeruli between tubules 2-8. The three 
froiat of I develop no tubules. 


Ati! ik)Steri<i>r ead of the body, the anterior tubules fusing 
. Flora the junction a tube, the pronephric or 
; graitually grows backward just beneath the 
(figs, 385; 387^^ until it reaches the posterior end of the 
whej^|'fase;yfth the hinder end of the digestive tract 
in the ■^dcinity of the anus. An open- 
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breaks tiiroHgh into the cloaca, thus putti 
* ' * "dth the outer woiid« 

iphric duct lies closely below the e 
the lining .of the metaccele. As 
,rd they come to lie between the.diictS\An 
.ally the ducts are just beneath the linir 


ing HOW" 

indirectly In communication w 
■ At first the prone,] 

'almost .equall}^ nea: 
grow downY 
..so tliat eventu 
, tive body, cavity. ■ 

There has been considerable dispute as to the origin 
the’ pronepli 
; characterj arising by 
tlia' 

thought', that 
This view 
retical views, 
the 'Study of 
shown, tliai 
support the view 
origin. 

In the teleosts the dorsal end of the nephrotome gj 
nephric tubule, to which both somatic i 
In the amphibia the nephrotome is i 

plates (hypomere) and the pronephric tubules are 
area. ‘ \ 

' The pronephros is functional Jor a tinae in the embryos of some 
lower vertebrates; in other groups it "V 

structure, save for its participation in theT^ *^^^8 

tub© abdominale (see below) . When functtW;'’ 
enous waste from the body cavity, while 
sists either of separate glomeruli (one for 
meruli of the separate somites may run togrjfe follf^ng ^ 

(fig. 386). These glomeruli or the glomus / pronephros do 
project into a Bowman’s capsule, but lie ^ove th^^fe j 

wall of the coelom, between the mesentei} 

(fig. 387), pushing the epithelium before 

cfficilians, they and the nephrostomes “V W 

cut off from the coelom, so that the whole ^ 

but is different in origin. In either case 

the metaccele, from which it is drawn by th'’ 

and passed into the tubules. , 

The blood is brought to the glomus 
mental arteries arising from the dorsal 


ic duct. They were long believed to be solely _oi mesotucua, 
proliferation from the tube itself. Then it was noticed 
the backward-growing tube fused at its tip with the ectoderm an it was 
there was an actual contribution of ectodermal cells at this point, 
received considerable support from its agreement with certain theo- 
The matter is not yet decided. The writer is convinced, from 
perfectly preserved material in which cell boundaries are clearly 
,t in the sharks {Acmthias) which were thought most strongly^to 
of ectodermal contribution, that the whole duct is of mesothelial 

' J grows out to form tbe, pro- 

lix and splanclmic , walls .thus cob tribute,, 
not distinctly separated from the lateral 
formed from the common 


iitt 
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through the capillarieSj it is carried away by the postcardinal veins 
of the corresponding side to the hearty these veins keeping pace in 
their backward development with the development of the nephridial 
tubules. 




11 ; 

■ ' 1 ; 




There is much that goes to show that the pronephros .formerly, had a 
much greater extension than at present, including a larger number of somites. 
It has, however, been replaced in the adults of all 

vertebrates (with the possible exception of Bdello- S: 11 1 ! 

stoma) by the mesonephros, and later, in the amniotes, 
by the metanephros as described below. It persists, 
however, with slight modification in the cyclostomes 
and a few teleosts. 




Fig. 3S6. — Reconstruc- 
tion of the pronephros of 
Salamandra, after Semon. 
c, aorta; c, connexion of 
nephrostomal with the main 
coelom; d, pronephric duct; 

glomus; I, 2, 3, nephro- 
stomes of pronephric tu- 
bules. 


Mesonephros. — The mesonephros or 
Wolffian body is the second excretory organ 
to form. It arises, after the pronephros and 
its ducts are formed, by the development of 
a series of mesonephric tubules which grow 
out from the nephrotomes behind those con- 
|n the formation of the pronephros, 
t^ibules extend laterally until they 
aii4 |use with the pronephric duct, 
as the excretory canal of the 
some animals the point of 

n of the feesonephric tubules is clearly dorsd to that of the 
pronephrif: ipS>ules (lig. 387), and in some cases (birds, csecilians) 
j^ra<-gnrf|A^h?^phric tubules have been described as arising from the 
liEi'otome, one above the other. In most ichthyopsida the 
ephrotome into the metacoele forms the nephrostome, 
niotes this opening is closed before the tubules are 
onsequently^, nephron are lacking in the latter 

.■g^s of development, and the tubules have no connexion 
toneal cavity. 

;ral metamCres intervene between the last pronephric and the 
ic tubule, there being seventeen such metameres in A mia. On 
in crossopterygian ganoids, turtles and crocodiles the last 
the first mesonephric tubules arise from the same somite. 

arteries grow out from the aorta to the splanchnic 
,ephrotom«, forming there a network of capillaries at a 
han the pionephric glomeruli (fig. 38S). The glom- 
lormed pres&s the wall before it, while the rest of the 







Fig. 387, — Stereogram of developing pro- and mesonephros, 
glomerulus; m, mesentery; wl, mesonephric tubule; notocl 
nephrotome; ns, nephrostome; pc, postcardinal vein; pa, pronep 
tubule; ptm, peritoneal membrane. 
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aephrotonie closes aroimd it as a Bowman^S' capsule, the whole form- 
ing a Malpighian body (in some rodents the glomeruli are rudimen- 
tary or absent). In most iclithyopsida- the Malpighian body is 
connected on one side with the metacoele by the nephrostome, and' 
on the other with the mesonephric tubule. 

Thus at first the mesonephros is a metameric structure, extending 

over a much larger number of somites than does the pronephros and 

reaching ' nearly to the posterior limits of the metacoele. As the 

development of the embryo proceeds, the number of tubules, in all 

vertebrates except the myxinoids, increases 

by budding in a manner not readily 

described (fig. 390) . These tubules unite 

with those first formed, so that the distal 

part of these become collecting tubules. 

Each of these secondary tubules forms its 

own Malpighian body and all of the 

tubules elongate, become convoluted (fig, 

389) and the mesonephros loses itsprimi- Fig. 389.— Reconstruction of 
, . , *1 i ^ mesonephric tubule of Ambly^ 

tive metameric cfiaracter* stoma (Hail, modified), pro- 

At the same time changes are intro- nephric duct; g, Malpighian cor- 
7 . . puscle; n, nephrostome; p, pen- 

duced into the mesonephric circulation, toneum. 

The veins emerging from the renal cor- 
puscles extend out into the region of the tubules (fig. 392), each break- 
ing up there into a second system of capillaries which envelop the 
tubules before returning the blood to the postcardinal vein. The 
subcardinal vein (p. 324) brings the blood from the caudal region 
(and usually from the hind limbs) to the Wolffian body and this is also 
retucned ma the postcardinals to the heart. (For details of the 
modifications of the mesonephric circulation see pp. 324-341.) 

The Mesonephric Ducts. — The conditions in the elasmobranchs 
ive been regarded as very primitive. In them (and to some 
extent in some of the amphibia), when the mesonephros develops, 
the pronephric duct divides longitudinally from its hinder end as 
far forward as the anterior end of the Wolffian body. Of the two 
ducts thus formed (fig. 391, d), one, the Wolffian (Leydig’s) duct, 
remains connected with the tubules of the- mesonephros and forms 
its .excretory canSlttl^# 'Other, the Mullerian duct, is similarly 
related to the |>rorie|^ |^^p4;ft s^^|^yaitives and in the female forms 
the tube (ovidu«i^^^wmckAi|^-)^s -4fe carried to the exterior. 
In other amphibia find In t|^^j:dot^fhe pronephric duct does not 
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dividej . but remains solely in the service of the mesonephros and 
foriD.s the Wolflian duct, while the- oviduct arises in another manner^ 



Tig. 390. — Reconstruction of three somites of the Wolffian body (mesonepl^os) of 
Hypogeophis^ after Brauer. aorta; primary and secondary Malpighian bodies; 

corresponding nephrostomes; tertiar^^ segments of mesonephros; pnmary 
and secondary mesonephric tubules; w, Wolffian duct. 




Fig. 391. — Diagrams of urogenital structures in (^) indifferent and in female elas- 
mobranchs and amphibians; {B) male elasmobranchs and amphibians; (C) male amiiiote 
(mammal) ; (D) female amnio te (mammal), ky .im oy bladder; c, cloaca; e, epididymis; 
f, Fallopian tube; g, gonad; /it, ^stalked^.h^^fc*'; IftlRey (metanephros) ; /, longitudinal 
tubule; Mullerian duct {AyiduhtT. rmiMent ^y , B and C; mn^ mesonephros; a, 
ovary; ol, ostium tub^ abd^^lJe; parodphoron; pVy parovarium; 

f, rectum; testis; uterus; aberrans; vd^ vas deferens; % 

vasa efferentia; Wolffian in B, genital in C and rudi- 


to be described in connexion''? 

In the teleosts also there is 


^^ctive organs (p. 368) 
HMthnephric duct. ■ ' _ 



THE EXCHETOIIY ORGANS 


359 



Fig. 392. — Schematic section of mesonephros of female NectumsJ (Chase), ao^ 
aorta; ar^ afferent renal vein; cn^ ciliated neck; dc, distal convoluted duct; er, efferent 
renal vein; junction tubule; mo^ mesovarium; mesentery; nst^ nephrostome; 
postcava; ra^ renal artery; fc, renal (Malpighian) corpuscle; r/?, renal portal vein; st^ 
secretory tubule; Wolffian duct; cdp, capillaries of renal portal system. 


C 

cm 

u &pu 


Fig. 393. — Profile reconstructions of lizard (Lacerta agilis) (A)«6 mm. long; (B) 20 
mm. long; and (C) human embryo 115 mm. long, after Schreiner, a, allantois stalk; c, 
cloaca; cc^ cranial collecting tubule; cd, caudal collecting tubule; kf permanent kidney 
(metanephros); mct^ median collecting tubule; ms, mesonephros; metanephric 
(nephrogenous) tissue; mtbj mesonephric tubules; pcty primary collecting tubule; 
pUj OTlffian duct (primitive ureter); f, rectum; secondary collecting tubule; ure- 
into common portion of primitive and permanent ureters. 
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Metanephros— The mesonephros is functional in the embryos of 
all-vertebrates and throughout life in the ichthyopsida. It alsoiunc- 
tions for a short time after birth in certain reptiles (lizards) and in the 
lowest mammals {Echidna, opossum). It becomes replaced m the 
adults of all amniotes by the metanephroi, the only structures to 
which the name kidneys is strictly applicable. Each metanephros 
arises behind the mesonephros of the same side. From the dorsal 
hinder end of the Wolffian duct, near its entrance into the cloaca, a 



Fig, 394,— Models of two stages in the development of tubules of kidney (meta- 
nephros) of man, after Stoerk, Bowman^s capsule; c, collecting tubule; connect 
ing tubule; convoluted tubule; Henle^s loop; intercalary tubule; /, lower arch; 
m, middle piece. 


tube, theureter (figs. 393, A, k, 279, iE) grows forward, parallel to the 
parent duct, into the tissue posterior and dorsal to the mesonephros. 
This nephrogenous tissue is apparently serially homologous with 
that from which the mesonephric tubules have arisen, but all traces 
of metamerism have disappeared from it and the metanephros is not 
segmented in any stage of development. In this nephrogenous tissue 
the anterior end of the ureter gives off a varying number of branches 
(%• 393; -S), each of which expands at its tip, thus forming a primary 
renal vesicle, and a little later the place where the branches and the 
ureter unite expands, the enlargement forming the pelvis of the defini- 
tive kidney. The cells of the nephrogenous tissue form anuivberof 
aggregates around each primary yesicl?; each aggregate soos \ies 



THE EXCRETORY ORGANS 


361 

iloiloWy and develops into an S-shaped tubule (fig. 394, left)^' one 
end of wMcli joins the primary renal vesicle, while a glomerulus 
' arises at the other end, but no nephrostomes are formed. Later there 
is a great multiplication of these tubules' -and. an extension of the 
capillary system from the glomeruli around them, much as in the 
mesonephros. The differentiation of each tubule into convoluted, 
collecting and, in birds and mammals, Henle^s loop regions occurs 
early (fig. 394, right)., 

Frinaiy Bladder. — At or near the hinder ends of the excretory 
ducts, there is frequently a reservoir for the urine, the urinary bladder 
or urocyst. Of these there may be three kinds. In most fishes 
(fig. 410) the bladder arises by a fusion of the hinder ends of the 
Wolffian ducts plus a part derived from the hinder end of the digestive 
tract (cloaca), the Wolffian ducts empt3dng into it and the whole 
opening to the exterior, usually dorsal and posterior to the anus. 
In the dipnoi there is a diverticulum from the dorsal wall of the 
cloaca, anterior to the openings of the Wolffian ducts. This is usu- 
ally called the urinary bladder (fig. 397, D), but it may be homologous 
with the rectal gland of the elasmobranchs. 

The third type, the allantoic bladder, occurs in all tetrapoda. 
This arises as a ventral diverticulum from the cloaca. In the am- 
phibia the whole of the outgrowth forms the bladder and its walls 
are supplied by the hypogastric arteries. In the amniotes the proxi- 
mal portion alone is converted into the urinary bladder, while the 
more distal portion becomes in the embryo the respiratory organ of 
the growing young, the allantois. This part extends far beyond the 
body wall, carrying with it branches of the hypogastric arteries 
(allantoic arteries), and in the mammals forms a part of the placenta. 
The allantois becomes reduced in the later stages and at the beginning 
of free life is entirely absorbed or is lost with the placenta. In the 
amphibia the urine finds its way into the urinary bladder 4 'm the 
cloaca, as the urinary ducts (Wolffian ducts) do not open directly into 
it. In those amniotes in which a bladder is present the ureters open 
into it, and the urine is conveyed to the exterior by a single tube, the 
ttretkra. In many sauropsida there is no urinary bladder, though the 
allantois is formed in development. 

There is great difficulty in comparing the excretory system of the vertebrates 
with anything known in the invertebrates. In general the nephridiai tubules 
may be compared with those of the annelids. Both have nephrostomes open- 
ing into the ccelom, and convoluted tubules enveloped in a network of capillary 
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, blood-vesseis,.: but in tlie annelid each tubule opens separately to the exterior ; 
in the somite behind that in which the nephrostome lies, while in the vertebrate 
the series of tubules empty into a common duct. .When it was thought (p. 
354) that the ectoderm contributed to the pronephric duct, the homologies 
appeared easy. The duct was originally a groove on the outer surface into 
which the separate tubules opened. Then the groove was rolled into a tube 
which coritinued backward to the vicinity of the anus. By the downgrowtli 
of the myotomes the duct became cut off from its primitive position and came 
to lie just outside the peritoneal lining. When, however,^ it is considered, 
that in all probability the pronephric duct is formed solely from the mesoderm 
the homology falls to the ground and an explanation is still a desideratum. 

THE REPRODUCTIVE ORGANS 

The tissue which is to form the ovaries and testes early forms a 
pair of genital ridges, one on either side of the mesentery and between 
it and the Woffian ridge (fig. 388). At one time it was thought that 



Fig. 395. — Section of genital ridge of chick of five days’ incubation, after Semon. 
epithelium of ridge (coslomic wall); c, medullary cords; 0^ primordial ova. 

the anlage of the gonad was segmental in character and ‘gonotomes/ 
comparable to nephrotomes and myotomes, were described. It has 
since been shown that no metamerism exists and later it was stated 
that the primary germ cells, which alone characterize the gonads, 
arise in several groups of vertebrates (probably in all) from the ento« 
derm, which is never metameric. At about the time of the differen- 
tiation of the somites they migrate through the developing mesoderm 
to their definitive position in the epithelium of the genital ridges, 
the primitive or primordial ova (whether to form eggs or sperm) being 
recognizable from their size and their reaction to microscopic stains 
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(figSj 395 j o; 398), Still more recently this has been questionedj ■ 
many maintaining tliat^ at least in the higher forniSj the germ cells ' 
are differentiated from the peritoneum. In the adults of many 
A^ertebrates the gonads at maturity project far into the ccelom and 
are often suspended by a fold of peritoneum which is called a mesor-' 
cMum ill the male, a jnesoarium messovariTUHi' in the female. 

The gonads are primitively .paired; the unpaired condition which 
occurs in cyciostomes, many fishes and birds, is either the result of 
fusion or of one-sided degeneration. Thus in the Ammoccete stage of 
the lampreys the mesentery is lost and the gonads of the two sides 
fuse. In the myxiiioids, on the other hand, only the left gonad 
normally reaches a functional stage. 

Ovaries. — In^ the ovarian epithelium the 
pnmtive ova multiply, and the products, 
accompanied by some of the epithelial cells, e-S’ 
sink into the deeper stroma of connective n Ipl 

tissue, thus forming ovarial or medullary |^t 
cords (fig. 395, c), each containing a number .w'Si . 

of ova. Then the cords break up and each fMrS\ 
egg becomes surrounded with a layer of 
epithelial cells, the whole forming a Graafian 

follicle, the follicle cells supplying nourish- -96— Gr^fianfoEide 

ment to the contained ovum. In the higher of cat. c, connective-tissue 








vertebrates there is a great increase in the 


capsule; d, discus proligerus; 
nucleus of ovum; sg, stratum 


number of follicle cells, which become granulosum (follicle cells); 0, 
, . , , . zona pellucida. 

arranged m several layers, then in mam- 
mals (fig. 396) a split arises in the follicle, the cavity becoming filled 
with a follicular liquor, while the ovum, surrounded by several layers 
of cells, adheres to one side of the cavity, this part being called the 
discus proligerus. 

When the eggs have attained their full size and the proper time 
has arrived, some of the follicles migrate to the surface of the ovary, 
then the follicles rupture and the contained ova escape into the 
coelom. Their history from this point will be outlined in connexion 
with the genital ducts. Each ruptured follicle (at least in elasmo- 
branchs, amphibians, and amniotes leaves a scar on the surface of the 
ovary — the corpus luteum— characterized by the presence of peculiar 

Testes. — In the gonads of the male (testes) there is a somewhat 
similar insinking of the primordial ova and epithelial cells into the 
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stroma oi’ the genital ridge, but, instead of breaking up into separate 
follicles, each sexual cord develops a lumen and becomes converted 
into a seminiferous, tubule j in the walls of which both the, epithelial 
ceils and the ,p,riiiiordial ova are recognizable, as well as a third 
'kind of, cell, called SertoM^s ceE^ concerning which accounts are 
■somewhat at variance, some regarding them as derivatives of 
the epithelial cells, others as coming from the primitive gerni 
cells. They, play no part in the actual formation of the sper- 
'matozoa, , but act rather as nutritive or nurse cells’ for , the 
developing spermatozoa. , For the differentiation of the germ cells 
into spermatozoa reference must be made to the text-books of em- 
bryology and histology. In most vertebrates- the testes continue in 
the position where they first appear, but in most mammals they 
eventually descend to a position outside of the body cavity and are 
enclosed in a special pouch, the scrotum. This descent of the testes 
is described in connexion with the reproductive organs of the mam- 
mals, below. 

The Reproductive Ducts 

The reproductive products formed in the gonads have to be 
carried to the exterior, either as spermatozoa, or as eggs or young in 
different stages of development, the ducts in the male being called 
vasa deferentiuj those of the female being oviducts. The former are 
usually the Wolffian ducts, the latter may be either the Mullerian 
ducts or tubes developed for the special purpose, or lastly, the abdom- 
inal pores. 

Male Ducts. — In the elasmobranchs, amphibia and amnio tes the 
Wolffian ducts (fig. 391) serve as the outlet for the sperm. While 
the seminiferous tubules are developing, there occurs a proliferation 
of cells from the wall of the Bowman’s capsules in the anterior end of 
the mesonephros. These medullary cords extend through the adja- 
cent connective tissue and into the genital ridge where they come into 
close connexion with the developing seminiferous tubules (fig. 395). 
When the latter acquire their lumen the medullary cords also become 
canalized, so that both form a continuous transverse tubule (vas 
efferens) leading from the genital cells to the Malpighian corpuscles, 
and thence by the mesonephric tubules to the Wolffian duct (figs. 
391, B, C, 397, . 4 ). These vasa efferentia become connected by a 
longitudinal canal before entering the ■Wolffian body, while usually 
there is another longitudinal testicular canal connecting them in the 
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body of the testis (figs. 391, 397, C). Usually this connexion of 

testis and Wolffian body takes place at the anterior end of the 
mesonephroSj but in some dipnoi the posterior end of the mesonephros 
alone is involved. Tliis is frequently accompanied by a degenera- 
tion of the glomeruli of the tubules concerned, so that this part of 
the mesonephros loses its excretory character and becomes subsidiary 
to reproduction (fig. 391, 5 , C). With this formation of vasa 
eff erentia the sperm never enters the coelom except as this is repre- 
sented in the cavities of the mesonephric tubules. 



Fig. 397. — Diagrams of urogenital organs of male fishes, after Goodrich. A , 
Aclpenser {LepidosUus and Amia similar, but lack the oviduct); B, teieosts; C, Polype 
terns; D, Proto pterus; E, urogenital openings of female salmon, a, anus; ap, abdominal 
pore; cloacal (hirinary’) bladder; e, vasa efierentia; g^, genital pore (papilla); I, 
longitudinar duct; longitudinal testis duct; w, mesonephros; Mullerian(?) 
duct; f, rectum; fc, renal corpuscle; s, urogenital sinus; testis; w, up, urinary pore; 
ugp, urogenital pore; v, vas deferens; w, Wolffian duct. 

As a farther result the anterior end of the Wolffian duct becomes 
purely reproductive, in the male and is usually greatly coiled, ' this 
portion being called the epididymis (fig. 391,, C, e). , In the amniotes,' 
where the hinder portion of the mesonephros is supplanted by the 
true kidney (metanephros) , the whole Wolffian duct is a sperm duct 
(vas deferens) in the male, while in the female it largely or completely 
degenerates. In the amphibia and elasmobranchs the hinder end 
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of- tlie ;diict is both reproductive and excretory in the male (fig. 39^;. 
B) ; ill the, female it is .purely excretory (C); 

In the ichthyopsida, other than elasmobranchs and amphibia^ the 
sperm is carried to the exterior in other ways^ and there is no connex- 
ion of the testes with the excretory organs. In the cyclostomes the, 
sperm escapes from the testes into the ccelom and then is passed to 
the 'exterior by way of the abdominal pores (p. 19) which in the 
lampreys open, into a cavity (sinus txrogenitalis) which also receives 
the hinder ends of the Wolffian ducts. In the myxinoids the pores 

I are united, and they open to the exterior 

behind the anus and between it and the 
urinary openings. 

The conditions found in the sturgeons (fig. 
397, A) and in Poly pier us give a possible explana- 
tion to the aberrants tructures of the teleosts. 
In the first group can be made out the vasa 
efferentia and the two longitudinal canals con- 
necting them, these extending the whole length 
of the testis. In Polypterus (fig. 397) C) the con- 
nexion between the testis and mesonephros is 
confined to the hinder portion of organs, the 
anterior vasa efferentia and the longitudinal canal 
disappearing in front, the longitudinal testicular 
canal taking the sperm from the anterior end of 
the testis and carrying it farther back for passage 
through the mesonephros. Here the anterior end 
of the Wolffian duct is purely excretory. A 
farther concentration of the efferent functions to 
the last vas efferens would give, with a few other modifications, the conditions of 
the teleosts (fig. 397, B), in which there is no connexion of testes with meso- 
nephroi. The seminiferous tubules are connected by a longitudinal canal 
(apparently the longitudinal testicular canal of other vertebrates) which runs in 
the membrane (mesorchium) supporting the testis, back to the external opening, 
which is either directly to the exterior between the urinary opening and the 
anus (fig. 410) or into a urogenital sinus (fig. 397, B). 

This view is farther supported by the relation in the dipnoi. In Ceratadus 
there are numerous vasa efferentia which extend from the testis into the 
mesonephros. In Lepidosiren the efferent ductules are fewer in number and 
they arise from a posterior degenerate portion of the testis, while in Protoptems 
(fig. 397 ) B) there is but a single vas efferens on either side and this passes 
through the posterior end of the Wolffian body. 

Oviducts. — In the elasmobranchs the Mullerian duct, -which, as 
described above, arises by a splitting of the pronephric duct, serves 
as the oviduct. After separation from the Wolffian duct it opens 


Fig. 39S. — Section through 
the urogenital region of a four- 
day chick embryo, after Wald- 
eyer. g, anlage of gonad with 
primorffial ova; w, involution 
of peritoneum to form the 
Mullerian duct; ms^ mesentery; 
Sj ceils to form stroma of gonad; 

tubules of mesonephros; 
Wolffian duct 
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1:he reproductive ducts 

in front into the coelom by means of the pronephric tubules and their 
liephrostomes. Then these flow together, forming a large opeiimg, 
the ostium tub^/'a'bdominalej on either side (in elasmobranchs the 
ostia of the two sides are usually united ventral to the liver) through 

which the* eggs, which pass from the ovary into the ccnlom are carried 

into the oviduct* 

yin some amphibia (Salamandra) the pronephric tubules and 
nephrostomes take a part in the formation of the ostium tub^ and the 



beginning of the oviduct, while in Amblystoma the ostium develops in 
close connexion with the pronephric nephrostomes. Here, as in 
all other tetrapoda, the rest of the oviduct arises by the formation of 
a groove of the peritoneal membrane close beside the Wolffian duct. 
This becomes rolled into a tube, the Mlillerian duct (fig. 398). In 
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the anmiotes the anterior end of .the groove does not cIosCj but re- 
..mains open as the ostium tub^ (fig. 391, , 4 ). 

Usually' the condition in the elasmobranchs has been regarded as 
the primitive onCj a supposition which renders it difficult to homolo- 
gize the Mllilerlan ducts (oviducts) of elasmobranchs with those of 
other forms. Stilly when the adult conditions are considered simi- 
iar ostia, similarity of position and of external openings— it is hardly 
possible to believe them as merely analogous, as examples of conver- 
ge.iice. The facts in the amphibia, referred to in the preceding 
paragraph are additional evidence of homology. If, however, it be 
assumed that the more common type of development, by the infold- 
ing of coelomic epithelium, be the primitive condition, the difficulties 
are less, though not entirely solved. Then, if it be that the homolo- 
gous tissue in the elasmobranchs was at first included in the tissue of 
the pronephric duct and that the splitting' is a secondary operation to 
separate parts which elsewhere are always distinct, the similarities are 
more apparent. 



Fig. 400.— Sdieme of formation of parovarial and entovarial canals in teleosts. 
Af primitive stage; ovary bent laterally, enclosing tlie parovarial canal, pc; C, ovary 
with groove on ventral side; Z>, groove closed, entovarial canal (ec) entirely enclosed 
by ovarian tissue, j), peritoneum; w, mesentery. 

In the females, as in the males, of cyclostomes and teleosts the reproductive 
ducts are not easily brought into harmony with those of other vertebrates, and 
an answer to all questions cannot be had until the development of the parts has 
been studied in more forms, and especially the ganoids and dipnoi. In the 
cyclostomes the eggs are shed from the ovaries into the coelom and are thence 
passed outward through the abdominal pores. 

In the teleosts there are several conditions. The ovaries may be simple 
and solid bands or saccular in character with an internal lumen (fig. 399, .S). 
In the first the eggs pass into the coelom and thence to the exterior by abdominal 
pores or by oviducts of varying lengths (fig. 399, i^). Concernm^ the nature 
of these ducts there is uncertainty. They may be true Mullerian ducts or new 
formations within the group. The fact that similar tubes occur, with perma- 
nently open ostia in both sexes of the sturgeons (fig. 397, Ji), and that these open 
behind into the Wolffian ducts, lends probability to the view that the ducts of 
the ordinary teleosts are Mullerian in character, but greatly modified. 
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The saccular condition of the ovaries appears to arise in two ways 
(fig, 400). In the one the primitively free edge of the ovary bends 
laterally and fuses with the coelomic wall, thus enclosing a cavity, 
the parovarial canalj closed in front. In the other type a groove of 
the' covering epithelium forms on the surface of the ovary. This 
closes over and sinks inward, forming what is termed an entovarial 
canaL 'Either canal may extend backward to . the hinder end of the 
body cavity, thus forming an oviduct, or the oviduct may be formed 
from both kinds of canals, one in front, the other behind. From this 
it would appear that the ovary originally extended back to the hinder 
end of the ccelom (as it does in Cycloptems) or that the par- or 
entovarial canal had united with a Mullerian duct which has other- 
wise been entirely lost. The oviducts thus formed usually unite 
before opening to' the exterior, either directly or via a urogenital sinus. 
The oviducts in the dipnoi (fig. 390, A) are much like those of the 
selachians, emptying independently into the cloaca. They persist, 
though of small size, in' the males (fig. 397, D). 

CopuLATORY Organs 

In many vertebrates the, eggs are fertilized after passing from the, 
oviducts to the exterior. This is the case- with the cyclostomes, -most 
fishes, with, , the., exception of the elasmobranchs, and with:.- many' 
amphibians. In other groups (including some teleosts) fertilization 
is internal . In some cases the transfer of the sperm from the male 
to' the female is , effected by the apposition of the cloacas of the two 
sexes, but, in others,- copulatory organs of -an intromittent, character 
occur. . These are formed, in several ways and are not homologous 
thro,iighout. Hence "they will be considered Tiere under the separate 
groups. '3 

Hermaphroditism 

Individuals of either sex which have assumed some of the external 
or secondary sexual characters of the other sex are sometimes spoken 
of as hermaphrodites, especially in the case of mammals if the copu» 
latory organs be,. concerned.. This is not true ■ hermaphroditism, 
which consists in having both ovarian and testicular organs or tissues 
in the same individual and as a consequence the - ability to produce 
both eggs and .spermatozoa... ' There may be-bGth.kinds of tissue in 



COMPAIUTB^E MORPHO'LOGY OP VERTEBRATES 

the 'Ciijffereiit, parts of the same gonadj or the- two may he' intermingled; 
(ovotestis) or the gonads of the two sides of the body may be of 
.different sexes. Both ovaries and testes' may be functional at the 
same time;, or one may be functional at one time and the other at 
another (proterandric hermaphroditism) • 

■' . Among the cyclostomes there are -occasional specimens of lam- 
preys; which have- been, regarded as hermaphroditic, but in . the' 
myxinoids this is the regular occurrence, the anterior end of the gonad 
is female and the posterior male. One or the other of these is func- 
tional, the animal being predominantly either male or female, and 
some individuals are regarded as sterile. Nansen regards this as a 
case of proterandric hermaphroditism. In the teleosts several species 
of Sen anus are regularly hermaphroditic as is 
Ckrysophrys auraia^ while in several other 
species it is an occasional occurrence. Triion 
imtiahis is the only urodele in which it is re- 
ported. In anura the male gonad has two 
regions, a posterior which develops sperma- 
tozoa, and an anterior part containing large 
cells which have been interpreted as oocytes. 
It appears probable that the anterior region is 
a larval gonad ('protestis’), analogous to the 
pronephros, the large cells being hypertrophied 
spermatocytes which later undergo degenera- 
tion. In toads (fig. 401) this protestis persists 
longer and is known asBidder^s organ. Among 
the birds hemaphroditism has been reported 
in the chaffinch. (The assumption of male 
plumage by female birds at the close of sexual 
life is not a case of hermaphroditism.) Among 
mammals hermaphroditism is extremely rare, 
but cases, apparently well authenticated, have 
been reported in the goat, pig and man. 

ADRENAL ORGANS 

Under this heading are included two sets of structures, interrenals 
and snprarenalSj of uncertain morphology and function. The names 
are given in allusion to the fact that they are usually closely associated 
in position with the nephridial structures, though they have no other 



Fig. 401. — Urogenital 
organs of male Bufo viridis 
(Knappe). 5, Bidder^s 
organ; /, fat bodies; 7 n, 
mesonephros ; md,' M uiler- 
ian duct; t,. testis; w. 
Wolffian duct. 
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.relation to them. The two differ in structure and probably in func- 
tion and are very distinct in the lower vertebrates, but in ariipHbia 
and amnio tes they are united in a common structure, tlieinterrenals 
forming the cortex, the suprarenals the 


medulla of the mammalian adrenals. 

The interrenals arise from the ccelomic 
epithelium, but it is as ■ yet uncertain as to 
the details, some thinking that they are' con- 
nected with the pronephros, others with the 
mesonephric structures, while still others 
regard them as distinct in origin. They are 
at first either isolated clusters of cells or longer 
bands of ceils near the dorsal margin of the 
mesentery, sometimes bilaterally symmetri- 
cal and in the lower vertebrates in the early 
stages extending through the length of the 
coelom. 





Fig. 402. Fig. 403- 

Fig. 402.— A, Diagram of the ph^ociirome system of a just-born rabbit; Bj of a 
forty-five day girl, after Kohn. a, aorta; k, kidney; plijeochrome bodies; r, rectum; 
suprarenal; ureter. In A the connexion of the bodies with the medulla of the supra- 
renal is indicated. ■ 

Fig. 403.— Adrenal system oi ScyUiumf after Swale Vincent, a, axillary heart; ao, 
aorta; ®, interrenals; Sj suprarenals. 


The anlage of the suprarenal bodies is in the sympathetic ganglia, 
certain cells of which separate from the rest. Some of these retain 
their ganglionic character through life, while others become chro- 
maphile or phaeochrome cells, so-called because they stain brown or 
yellow with chromic salts. These are usually closely related to 
the blood-vessels in their early stages (fig. 402) and this relation 
persists through life. 
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, , 111 tlie iislies interrenals. and suprarenals are separate (fig. 4 ^ 3 )^ 
the suprarenals often being more or less metameric and in close rela-. 
' tions to the blood-vessels aupphung 'the mesonephros and those 
farther in front. The mterrenals are more compact and in the fishes 
they lie between the excretory organs of the two sides of the body. , 

In the tetrapoda the two organs are more closely associatedj the 
tissues of the two being mixed in the adults of amphibia and reptiles^ 
while in the mammals the interrenal tissue is on the outside^ forming 
the cortex of the adrenal (frequently called the' suprarenal) bod)?* 
which lies at the anterior end of the kidney. The suprarenal tissue 
, 'is the medulla of the adrenals. It consists of numerous ph^ochrome 
cells with small aggregates of nerve cells, and forms a series of tubules 
through wiiicli blood supplied by the suprarenal artery circulates 
beforebeingcarried away by thevein, ■ In the amphibia the adrenals 
are closely associated with the Wolffian bodies, either being attached 
to the inner margins (urodeles), or forming yellow stripes (anura, 
fig. 3S6, a) on the ventral surface. In the reptiles they are lobulated 
bodies near the gonads. 

Both are organs of internal secretion, their product being passed 
direGtly into the blood. The medullary portion in mammals forms 
adrenalin, a homoiie, which by its action on the muscles causes 
an increase in the blood pressure. Less is known concerning the 
function of the interrenal organ, but it seems that in part it destroys 
certain toxins, the products of metabolism, which otherwise would 
be injurious to the organism. 

UROGENITAL ORGANS IN THE SEPARATE CLASSES 

CYCLOSTOMES.—In this class the nephrostomes are lost with the excep- 
tion of the most anterior, while the pronephric duct becomes degenerate between 
the anterior end and the functional part of the excretory organs. 

In the lampreys the pronephros extends over thirteen somites, but only the 
anterior five form complete tubules, the remainder, however, join the pro- 
nephric duct. The pronephros is best developed in the Ammocoste, 10 mm. long, 
and in this stage the mesonephros is also developed and both are functional. 
With increase in size there is a degeneration of the mesonephric tubules in front 
and a formation of new. ones behind, the definitive organ extending over about 
two-fifths of the body length. Each pronephros projects into the coelom as a 
band supported by a fold of the peritoneal membrane. The two pronephric 
ducts unite a little in front of the hinder end, forming a urogenital sinus into 
which the abdominal pores empty,- and which, in turn, opens at the tip of a 
urogenital papilla just behind the anus. 
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In tlie m3/'xiiioids the nephridial tubules develop as a continuous series, the 
organ in the earliest stage known extending over somites ii-So. Later the 
organ becomes divided into two parts by the degeneration of the intermediate 
tubules. The anterior part, projects into the body cavity and is provided with 
nephrostomes, while the posterior part, reaching through some twenty or thirty 
somites, has its tubules strictly segmental, each with a Malpighian body. 
This is the functional excretory organ. 

The gonads, which are usually unpaired '(p* S^s) s-re band-like structures,: 
supported by a fold of the peritoneal membrane (mesorchium or mesoaiium). 
The eggs and sperm, when ripe, fall into the coelom , and are carried to the 
exterior by the urogenital pore. The myxinoids have hermaphroditic gonads, 
the anterior part being ovarian, the posterior testicular. One sex, how^ever, 
predominates in each individual, except a few which are compieteb/ sterile. 
One view (Nansen) is that the sexes alternate in function (proterandric her- 
maphroditism). Another (Schreiner) is that there is a rudimentary hermaphro- 
ditism, the gonad of one sex or the other being degenerate. The eggs of the 
lampreys are small, those of myxinoids much larger, the latter being enclosed 
in a horny shell with anchoring hooks at either end. The eggs of the lamprey 
closely resemble those of the amphibia in their early development. 

ELASMOBRANCHS. — The pronephros is never functional as an excretory 
organ, but its nephrostomes fuse and form the ostium tubae in the female, by 
which the eggs are carried from the ovary to the exterior. In these animals 
there is the typical splitting of the pronephric duct into WolfBan and Mullerian 
ducts (p. 357). The functional excretory organs are the mesonephroi and the 
urinary ducts from the functional part of these may separate from the rest 
(fig. 404, 2i) which degenerate with the degeneration or modification of the 
anterior end of the Wolffian body. The general form of the mesonephroi is 
modified by the other viscera, and these organs are frequently asymmetrical. 
Usually the nephrostomes are closed in the adult, but in some (g.g., Acanthias) 
they persist. The anterior end of each mesonephros is always narrowed, and 
In the male it and the anterior end of the Wolffian duct form the connexion with 
the testis, the coiled anterior end of the duct forming the epididymis (fig. 
404, e) while the mesonephric tissue is frequently called Leydig^s gland (fig. 
405). The urinary ducts fuse behind into a urinary bladder. In the female 
the bladder opens at the tip of a urinary papilla, but in the male it connects with 
a urogenital sinus, into which a pair of sperm reservoirs empty, and from this 
a duct empties at the tip of a urogenital papilla (fig. 404, B), 

As in all other vertebrates the gonads are at first paired and symmetrical, 
but in some {TrygonyMyliohatis and their relatives) only the left ovary comes to 
Ml development, possibly the result of pressure of. the spiral valve on the right 
gonad: With these exceptions the gonads are paired and lie far forward in the 
body cavity as lobes connected with the body wall by mesorchia or mesoaria, 
the testes being more variable in position than are the ovaries. 

The Miillerian ducts serve as oviducts, those of the two sides ' connecting 
with the coelom by a common opening (fig. 404, {?) the ostium tubse abdomlnales 
the result of the .fusion of the ' pronephric nephrostomes: ' The, eggs, escaping 
from the ovaries, are received' by the ostium and are^carried ' backward by . the 
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oviducts to a siieE or nidamental giandj .where the shell (slight iii the viviparoii 
species, stronger in the others) is secreted.- The rest of the tube is arge 
serves, especially in the viviparous species, as a uterus, the inner surface bearing 
vascular villi by ivhich nourishment and oxygen are brought to the embryo. 
■The eggs are very large, those of some species exceeding those of the ostrich m 
size. The usual” form of the egg sheU is- quadrangular with tendril-like pro- 
longations at each corner, but this is varied, some {Acanthias) being simp e sacs, 



Fig. 404. — Urogenital organs of (d) 
immature female and {B) male Torpedo 
marmorataf after Borcea. e, epididymis; 
w, mesonephros; md, degenerate anterior 
end of mesonephros of female; 0, ostium 
tubge; od^ oviduct (Miillerian); ov^ ovary; r, 
rectum; rg, rectal gland; U testis; w, definitive 
ureter; tipj urogenital pcipilla; vas defer- 
ens; Wolffian duct. 



Fig, 405. — Testis and anterior end 
of mesonephros of Chimmra, after 
Parker and Burland. bv^ blood- 
vessel;^ cvlj longitudinal tubule; m, 
Mullerian duct; ms, anterior end of 
mesonephros (Leydig's gland); spd, 
sperm duct; ve, vet, vasa eiferentia; vs, 
seminal vesicle. 


others, like Eeierodontus, having complicated cases. Some species of both sharks 
and skates are viviparous. 

The relations of the male ducts to the testes are typical (p. 364), the anterior 
end of the mesonephros forming an epididymis. The vasa deferentia of the 
two sides unite just before the entrance to the cloaca to form a urogenital sinus, 
with which an oval sperm sac is connected on either side. In the holocepliali 
fig. 40s) the epididymal region is separated by a considerable interval from 
the rest of the mesonephros and forms a large Leydig^s gland which secretes the 
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spermatophores. The Miilierian duct is reduced in the male^, and frequently 
is without a lumen; its anterior end may retain a reduced funnel.' 

As fertilization is internai in the eiasmobranchs, the posterior or inner side 
of the pelvic fin of the male is specialized for a copuiatory organ, by which, even 
in the late embryo, the sexes can be distinguished. The metapterygium (p. 126), 
and the basalia connected with it are more or less completely separated from the 
rest and form the so-called clasper (mixipterygium), a* slender part of the fin 
(fig. 406). Each clasper is grooved along its medial surface and when the two 
are inserted in the, cloaca of the female the grooves form a tube|for the passage of 
the spermatozoa. The clasper contains a large gland, ■ but it s’" relations to 
copulation and fertilization are unknown. 



Fig. 406. — Skeletons of pelvic fins of (A) (Goodrich) and Beterodontus (Dan- 
iel), showing the claspers. b, basipterygia; /, obturator foramen; 7*/, iliac process; p, 
prepubic process; pr^ pt, pre- and postaxial radials; 1-4, cartilages of clasper. 

The interrenals are paired in skates, elsewhere unpaired; they may form a 
continuous mass (fig. 403) or may be separate bodies between the kidneys, 
recognizable from their yellow color. The suprarenals are metameric in the 
sharks, irregularly distributed in the skates, but always in close relations to the 
sympathetic system, and in their posterior range they may be embedded in the 
'mesonephroi., ; 

GANOIDS. — The number of pronephric tubules varies from two (second 
and fifth postotic somites) in PolypieruSf to five or six in Lepidosieus and stur- 
geons and eight to eleven in Amia. The pronephros degenerates in the adult. 
The mesonephros has nephros tomes in Amia and the sturgeons. This organ is 
markedly segmental, and in the sturgeons the anterior part is separated from 
the rest, while the organs of the two sides are united behind. The urinary ducts 
are the Wolffian ducts, and the Mullerian ducts of the females enter the urinary 
bladder. 
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In most species the ovaries are band-like and there are: oviducts ^ which have 
broad internal funnels and, as said above, they open to the exterior toget^ er 
witiiThe; urinary ducts, a relation which favors the view that they, are u 
ducts like those of eias:mobranchs, but reduced in extent in correlation wit i t e 
backward extension of the gonads. In LepidosUus, howevei, the ovB^ty is 



Fro, 407.— -Urinary organs of teleosts, after Haller. A, pronephros and ducts of 
young Salma farh; B, excretory organs of adult perch, Perea fimiaiilis; C, of carp, Cy- 
prinus cafpio; a, aorta; ct, caudal vein; d, urinary duct; w, mn, mesonephros; ped^ pcs^ 
right and left postcardinal veins; p. pn, pronephros; f, rectum; urinary bladder; 

: Wolffian duct. , ' 

saccular as in the teleosts, the eggs passing into the central cavity and then to 
the exterior by a duct wffilcli is apparently but a sterile backward extension of 
the ovary. The males are more normal, the testes being frequently lobulated 
and with the regular ductules leading from the testes to the anterior end of the 
mesonephros (hg. 397) and thence separately or by a common duct into the 
W^olffian duct. The males of all but Lepidosieus have short funnels like the 
females, an additional evidence that these are reduced Mullerian ducts. 
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"TELEOSTS.”—!!'! development the pronephros extends over from one to 
;six somites, these ■ having ' a tendency to form a comnion chamber and a 
glomus. Usually the pronephros degenerates, but it persists through life in a 
few species (Zoarces, Lepadogaster , Fiemsfer) and functions in the larval stages 
in many more. The mesonephros varies in shape. Frequently the organs of 
the two sides are united behind, less frequently in front, while occasionally there 
is a cross connexion in the middle; lobes may extend forward from the main 
mass or into the tail. In many the anterior portion differs from the rest and is 
called a head kidney, although it is not a -pronephros. It is rather a peculiar 
tissue, rich in lymph cells, developed from the wails of the cardinal veins. The 
nephridial ducts (Wolffian) are usually embedded in the substance of the meso- 
nephros (fig. 407, C, (^), but sometimes they run on the ventral surface of the organ, 
rhe ducts of the two sides unite, -behind and from this union and in some cases 
from the wall of the cloaca (B), a urinary bladder is formed. The external 
urinary opening is behind the anus, sometimes united with the genital opening. 



Fig. 408.’— Schematic representation of the enclosure of the teleost ovary by the 
coelom, in surface view and sections, after Haller. /, peritoneal fold; <?, ovary; 
terminal duct; F, ventral side of sections of ovary. 

The ovaries may be fiattened, plaited lobes, bound to the peritoneal wall by 
mesovaria. From this condition, which occurs in many salmonids, many modifi- 
cations may be traced. Thus in the same family (fig. 408) there is frequently 
a 'groove on the edge of each ovary, while in other groups the edges of the 
groove unite so that a hollow (entovarial, p. 369) gonad is formed. The eggs 
ripen and escape into this cavity when it is present; in the others they escape 
into the. coelom. . ' ' 

, / - ' The ovarian ducts are not homologous. In most salmonids and .scattered' 
species from other groups the eggs 'pass from the coelom to the exterior through 
sex openings which may be modified abdominal pores (pFxg) behind the anus. 
These are sometimes extended inside the coelom by a short funnel (fig. 409). 
In all other . cases there is - a direct extension .of the' saccular' ovary into , a , short 
oviduct like that of Lepidosteus, with an opening on either side behind the anus. 
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In most teleosts the number of eggs produced in a season is very large, some- 
times numbering millions. Usually, after passing from the oviducts they are 
left to the mercy of the water, but a number of species (Embiotocids, several 
Cyprinodonts, Gamhtsia) are viviparous, the eggs developing in the hollow ovary 
or its ducts, which in some cases provide nourishment for the growing young. 
In these fish there must be internal fertilization, but copulatory organs are 
known in but few species, formed in one species from the ventral fin, in another 



Fig. 409. — Relations of oviducts and pori abdominales in Coregoniis, after Weber. 
a, anus; intestine; nephridial opening; 0, ovary; p, pore of right side; r, opening of 
oviduct 

by the hasmai spine of a caudal vertebra, and in a third by an outgrowth behind 
the anus. 

In the male the testes are simple or lobulated. Internally each testis con- 
sists of radial chambers of varying shape which are connected with a complicated 
system of tubules leading to the vas deferens, which runs back to open into the 
hinder end of the Wolffian duct or to open independently to the exterior (fig. 
410, go). 



^ Fig. 410. Flinder part of urogenital organs of male pike, Esox Indus ^ after Good- 
nch. a, anus; ab^ air bladder; ao, aorta; caudal vein; d, Wolffian duct; g, genital 
duct; gOf genital opening; i, intestine; m, mesonephros; pCj postcardinal vein; testis; 
uh, urinary bladder; uo, urinary opening. 

Hermaphroditism ’is rare among teleosts. ,It occurs commonly among the 
species of Serranus and Chrysophrys^ and has been observed with specimens of 
cod, mackerel and herring. 

^ ■ Interrenal organs are known in the bony fishes, scattered in or on the ventral 
surface of the mesonephros (Stanmus^s corpuscles). Suprarenals have been 
described in the wall of the cardinal vein, but this is uncertain. 
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DIPNOI,"— In there are two pro-nephric, tubules^ that of the tliird 

somite being complete^ that of the fourth rudimentary. The glomerulus, .lies, 
beside the open nephrostome. The mesonephros is at first strongly metameric. 
There are no nephrostomes in the adult and none appear at any time in Lepii&- 
siren. The adult mesonephros is widest behiudj but the relations of the efferent 
ductules of the male are differently arranged in the separate generaj as mentioned 
above (p. 366). 



Fig. 41 1. Fig. 412. 

Fig. 41 1. — Diagram of (A) male and {B) female organs of urodeie, after Spengel, 
e, vasa efferentia; Ij longitudinal duct; w, Mullerian duct; ms, mesonephros with nephro* 
stomes indicated; 0, ovary; ot, ostium tubse; t, testis; w, Wolffian duct. 

Fig. 412. — Male urogenital organs of Epicrium, after Spengel. a, anus; 5 , urinary 
bladder; cl. cloaca; /, fat bodies; m, Mullerian ducts; mg, glandular part of same; r, 
rectum; t, testes; U, longitudinal testicular canal; w, WolfiSan body. 

The reproductive organs are apparently more like those of elasmobranchs. 
The oviducts resemble, at least in structure, Mullerian ducts, and have their 
ostia far forward near the heart. These tubes, like those of the amphibia, 
secrete a gelatinous substance around the eggs. The ducts of the two sides 
unite before emptying at the tip of the genital papilla into the cloaca. The 
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same ducts are retained in the male CcTutodus and to a less extent in the other 
.genera 

'The gonads are elongate. The testes are enveloped, together with the 
mesonephroi, in a iymphoidal tissue rich in fat. The sperm passes into a longi- 
tiidinal tubule (fig. 397) and from this by one (Protopterus) or several efferent 
■ductules to the posterior end of the mesonephros, the epididymis thus being 
posterior in position. Less is known of the structures in Ceratodtis^ but the duc- 
tules are .more numerous and the epididymis is anterior. 

AMPHIBIA.— ‘The pronephros (developing 
from two somites in urodeles, three in anura 
and from ten to thirteen in caecilians) retains 
its functions in urodeles and anura until the 
metamorphosis, when its tubules degenerate. 
The part of the coelom into which thepronephric 
nephrostomes open, tends to be cut off as a 
separate chamber, while the blood supply may 
form a glomus. The early mesonephros con- 
sists of a tubule, with its nephrostome, and 
glomerulus, to each somite, but in the adult this 
metamerism is lost (except anteriorly) by the 
development of secondary tubules, each like 
the original, the nephrostomes sometimes 
numbering over a thousand on the ventral sur- 
face of each Wolffian body. These nephrostomes 
persist with their normal connexions in csecilians 
and urodeles, but in the adult anura the 
nephrostomes separate from the nephridiai 
tubules and join branches of the renal blood- 
vessels, thus placing the coelom in connexion 
with the circulatory system. 

In the urodeles (fig. 41 1) the mesonephroi 

(I’ b^en^mrned to f Pf fudges or pr^ecting folds on the 
the right to show the efferent dorsal wall of the coelom. Their length is some- 
ductules («). urinary bladder; what proportional to the body length, the 

of thfleft side lo^U anterior end of each loses its excretory character, 

tudinal duct; w, mesonephros; and in the male becomes subservient to f eproduc- 

postcava; f, rectum; seminal tion, as described above (p. 365). The csecilians 
receptacle; r., Wolffian duct. 

mesonephroi are more lobulated, the result of aggregates of secondary tubules 
around the collecting tubules. In the anura the organs are more compact and 
the differentiated anterior end is lacking, although the efferent ductules of the 
testes pass through the mesonephros. The nephridiai waste, in all cases, is 
carried away by the Wolffian duct, while, in the males, the same duct acts as 
a vas deferens as in the elasmobranchs. The ducts of the two sides open 
separately into the cloaca, and in the males each usually has an enlargement, 
the seminal vesicle, which in the breeding season, is a reservoir for the sper- 
matozoa. The urinary bladder differs from that of the ichthyopsida in being 



Fig. 413. — Urogenital organs 
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ventral , to the cloaca and is of the allantoic type. It, is very long in the 
c^cilians and in Amphiumay saccular in most urodeleSj and bifid at the tip in 
the majority of anura, being even divided into two sacs, connected only at the 
opening into the cloaca in some species. 

The sexual organs of the amphibia fit w^ell into the general scheme. The 
gonads are roughly correlated in form to the shape of the bodyj being compact 
in the anuraj longer in the urodeles, and longest in the cscilians. 

' The testes have both the longitudinal and the testicular canals connecting 
the efferent ductuleSj these latter passing through the anterior part of the 
mesonephros, sometimes utilizing the nephridiai tubules, sometimes pursuing 
their own course, the two conditions being found in different species of frog. 
(Rana) in Europe. The relations in the American species are not known. In 
the cfficilians (fig. 412) the testes resemble two strings of beads, each bead 
consisting of a number of seminiferous tubules, the string of either side being 
connected by the testicular canal. In urodeles the testes are shorter and in 
the anura they are oval or rounded. 

The ovaries are saccular, with an internal cavity lined with pavement epi- 
thelium. The eggs do not escape into this as in the teleosts, but into the body 
cavity, from which they pass into the ostium tub®. The ovarian cavity is 
lymphatic in character. The oviducts are very long, the ostia far forward, 
and in the adults they are greatly coiled and have glandular walls which secrete 
the gelatinous substance which envelops the eggs. The oviducts of the two 
sides open separately to the cloaca in most species, but in the toad the two unite 
a little in front of the cloaca! opening. 

Fertilization is external in the anura, internal in csecilians and urodeles, 
though there is no intromittent organ aside from the somewhat protrusible 
cloaca! region, well developed in csecilians. In the urodeles the cloaca has a 
glandular lining, and in the females it contains tubules which act as reservoirs of 
sperm. In the male the glands secrete a substance which binds the spermatozoa 
into bundles (spermatophores). 

There are many interesting accessory reproductive relations among the 
amphibia. Thus the c®cilians and Amphiuma lay their eggs in long strings in 
the soil and the female incubates them. The male often takes charge of the 
eggs. In Pipa each egg undergoes development in a pit in the skin of the back 
of the female, and in Nototrema and Opisthodelphys (South American tree- toads) 
there is a large pocket in the skin of the back, opening near the coccyx, where 
the eggs are carried until partially (iVoMrma) or entirely developed. Sala- 
mandra maculosa and 5. air a bring forth living young, the former being born 
with gills, the latter in the perfect condition. Oviposition usuahy occurs in 
the spring in colder climates (in the autumn with Crypiohranchus of America) 
aUvi as the drain on the system is very considerable immediately after hiberna- 
tion, the substance of the fat body, which always is closely connected with the 
gonads, is utilized at .this time. 

'SAUROPSIDA.—Reptiles and birds agree, in the broader features of: the 
urogenital apparatus, with the amniote conditions as outlined in the general 
account above. The pronephros is rudimentary at all stages and at no time 
functions as an excretory organ. The mesonephros (which always lacks nephro- 




MORPHOLOGY OF^ VERTEBRATES 


.les) takes Its place m foetal life, and in some reptiles it continues to function 
■pr some time ■alter hatching, but In ah it is eventually replaced by the meta» 


ipEfo% l|5up"l3 degenerate remains persist in the reptiles (b^ter preserved 

' in* the 'femaKy’as the so-called ^yellow body/ Another portion persists in 
Ili 6 male, forming, much as in mammals, the connexion between the testis and. 



the vas deferens. As long as the mesonephros 
remains functional, the Wolffian duct is the 
urinary passage,’ but " -after ' the^ " "metanephros 
comes' into function, the duct degenerates''; in the : 
female, though persisting' as ■ the vas deferens in 
the male. It opens either into the urinary 
bladder or into the cloaca. 

The metanephros never extends as far for- 
ward as does the mesonephros of the ichthyop- 
sida, but is usually restricted to the posterior 
part of the body cavity and frequently to the 
pelvic region. It is usually small and compact 
or lobulated, but in the snakes it is long, and the 
lobulation is sometimes so extensive that the 
lobules are connected only by the ureter. In^ 
the lizards and some song birds, the kidneys of 
the two sides are often connected by a cross 

band “ behind. The mesonephroi of ‘birds are 

usually three-loFed; the lobules lying in cavities 
'inthe pelvis between the sacral vertebr£e and the ' 
transverse processes. The waste is carried from 
the kidneys' by the ureters which open sepa- 
rately into the cloaca (fig. 414). Only in lizards 
and turtles is there a weU- developed urinary 
bladder of the allantoic type (fig. 381) although 
an allantois is present in the development of 
ail, and urinary bladders, sometimes dorsal, 
sometimes ventral to the cloaca, are common 
iOfie’ embryonit stages:- The urine in other 
sauropsids is semisolid and consists largely of 
uric 'acid. 

The gonads are roughly correlated in shape 
with that of the body and often there is a lack 
of symmetry between the two sides of the animaL 
Th^us in reptiles , and birds there is a marked 
tendency for the gonad of one side to be faftiier 
forward than is the other, and in birds this goes 
so far that in the female the ovary of the right 
side may be degenerate or eyen may be entirely 

: lost-' "■ ‘7 

male and the anterior end of 
the mesonephros forms the connexion of the testis with the duct, the two 
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Fig. 414. — Urogenital organs 
of Monitor ^ after Gegenbaur. 

d, opening of digestive tract into 
cloaca; e, epididymis; k, kidney; 
Pi papillae of urogenital system; 
r, rectum; testes; u, ureter; 
vas deferens. 
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constituting an epididymisj which usually is small in birdSj but larger than the 
testis ill many reptiles* In most reptiles the ureter and vas deferens of. a side 
have a common opening to the cloaca, but in birds they are distinct (lig. 415, 
B). Muller duct often persists in the male, sometimes with a lumen and an 



Fig. 415. — Af genitalia of hen; B, cloacal region of cock, after Tichomiroff. a, 
albumen secreting region of oviduct; jf, discharged follicle of ovary; 0, advanced ova in 
follicles; ot, ostium tub® abdominale; f, rectum; y, openings of vasa defemntia; 
urinary openings; 2^^, uterus or shell gland with the 'villi showing in the opening. 

Fig. 416. — Hemipenes of Crotalus horridus, after J. Muller. One hemipenis is 
exserted, the other retracted but laid open, cl, cloaca; g, seminal groove; p, hemipenis; 
r, rectum, rp, retractor muscle of hemipenis; u, ureter; vd, vas deferens (Wolffian duct). 

some lizards the right ovary is farther forward and larger than the left, a 
contrast to the conditions in birds mentioned above. Corresponding to the 
reduction df the right ovary of birds, the oviduct of that side is reduced or may 
be practically absent. In all sauropsida each oviduct opens to the ccelom by a 
large, slitdike ostium (fig. 415) and the tube, usually longitudinally plaited, is 
differentiated into regions with different functions. In Sphenodon, crocodiles, 
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turtles' and birds tlie first part of the oviduct secretes the aibumen (white) oi 
tho egg}.: which is lacking from the eggs of snakes and lizards. Farther down is 
an enlargementj called the uterus or shell gland, which secretes the shell with 
its organic base and, in birds and some reptiles, its large amotint of lime. 
The eggs are forced along the oviducts by the action of the muscles in their 
walls.^ 

: . Sphemdon lacks copulatory organs, but they occur in all other sauropsida, 
though formed on two entirely different. plans, one restricted to the squamata, 
the other, occurring in the crocodiles,, turtles and some birds, being hqiiio.logous 
with those of the mammalia. 

In the young squamata (snakes and lizards) a couple of sacs are developed 
from the posterior wall of the' transverse anus, and in the embryonic stages 



Fig. 417.— Ventral cloaca! wall and penis of (schematized), after Boas. 
blind sac; /, corpus fibrosum; g, seminal groove; g', its continuation along blind sac; 
opening of blind sac. Mucous membrane dotted, seminal groove black. 

they resemble appendages. These form the copulatory organs which are called 
hemipenes. (These are present in both sexes, though much smaller in the 
female.) With further growth these develop retractor muscles and are drawn 
back into pockets (fig. 416). Each hemipenis, which may be notched or bifid 
at the tip, has a somewhat spiral groove on the medial surface for the passage 
of the spermatozoa. These hemipenes are everted for copulation and are 
retracted at other times. 

In the other sauropsida there is a single penis, developed from the same 
anlagen as in the mammals. In its simplest form this penis is a thickening of 
the ventral waU of the cloaca (figs. 417, 418), the upper surface of which bears 
a longitudinal groove for- the passage of the sperm. Below this is a longi- 
tudinal band of fibrous tissue (corpus fibrosum), sometimes in places divided 
into right and left halves. Between this and the surface is cavernous tissue wdth 
large spaces which, when filled with blood, render the whole firm and enlarged 
(erectile tissue). The tip of the structure is produced as a genital prominence 
which can be traced in mammals as the glans penis. A homologous structure, 
the cHtods, is developed in the female, where all other parts are lacking. Only 
a few birds (ostriches, ducks, geese, swans, etc.) have penial structures. 

Several reptiles have cloacal glands (a single dorsal pair in snakes, a lateral 
pair added in lizards) of uncertain function. The crocodiles have a pair of 
*musk-glands^ in the same region, the distal end of their ducts being pro- 
trusible. The adrenal glands of the sauropsida are intimately associated with 
each other, the trabeculse of suprarenals and interrenals being commingled 
except in lizards and turtles where the suprarenal tissue is on the dorsal side of 
the interrenal. 
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Fig. 418. — Cloacal region of adult turtle {Emys lutaria)^ after von Molier. The 
rectum and cloaca have been laid open from the dorsal surface and the urogenital sinus 
exposed. From the opening of the sinus into the cloaca a seminal groove extends along 
the ventral cloacal surface and can be cut off by a pair of folds (plicae urorectales) from 
the cloacal cavity. a% anal vesicle; 5, urinary bladder; i?, opening of anal vesicle into 
cloaca; p, penis, exserted; pu^ plic© urorectales; r, rectum; sg^ seminal groove; fvf, 
urogenital groove. 



Fig. 419. — Urogenital organs in pig 
67 mm. long, after Klaatsch. u, 
ii9.ntc^s, g, -,gonad; ms^ mt, meso- and 
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Fig.. 420.— Lobuiated ■ kidney 
(metanephros) of otter, Lutra cana 
densis (Princeton, 2234). aorta; 
w, ureter; v, pos tcava. 
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' MAMMALS.— In the mammals but two pronepliric tubules are . , 

outlined' in , developm and these are never functional excretoiy 
organs. ■ The pronephric duct is first a solid cord on the surface of the 
nephrotomic segments and later it becomes canalized. Of the fate ,, 
of: the pronephros little is known. The mesonephros, on the other 
■'hand,, is an important structure in foetal life (fig. 419)? in .mar- : , 
s.upials and mono tremes it continues to function for some time after ’ 

birth: Later it disappears' in all, with the exception of the parts: - : 
concerned in the formation of the efferent ductules of the testes, and 
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Fig. 421, — Model of cloacal region of human embryo, 'b.s mm. long, after Keibel; 
cE, allantois stalk; c, cloaca; cm, cloacal membrane; k, outgrowth to form kidney and 
ureter; r, rectum; u, where bladder will develop; wd, Wolffian duct. 

some other inconsiderable remnants in both sexes (fig. 391, C, D). 
Nephrostomes are formed only in Echidna, and in some rodents no 
glomeruli occur. 

The permanent kidney (metanephros) is, in 
lobulated, a result of the peculiar development Bfe lofiules 

corresponding to the diverticula given off fron|^e^ apek pi 
ureter, each lobule having its own duct. This copteji|d 4 i^i'et(|&^ 
intadult elephants, some ungulates, carnivores (fig. 420} and some 
primates, and especially in the aquatic species sesls),.. th^, 
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lobules being most numerous (200+) in some whales. In all other 
species the ducts fuse and the lobules unit later into a compact mass 
lying in the lumbar region near the last rib. 

Each kidney has a peculiar shape (giving rise to the adjective 
reniform) , convex on the lateral, concave on the medial side, the con- 
cavity being the hilum (fig. 423), from which the ureter arises and 
where the renal artery and vein connect with the kidney. Except 
in Echidna, there is a cavity, the pelvis of the kidney just inside the 
hilum, into which one or several papillae project from the opposite 
wall, each bearing the openings of numerous collecting tubules (p. 


Fig. 422.— -Model of pelvic region of human embryo 25 mm. long, after Keibel. 
(Compare with fig. 421.) a, anal opening; I, lateral ligament of uterus; m, Mfillerian 
duct; 0, ovary; pu, primitive ureter (Wolffian duct); r, rectum; i, symphjfsis pubis; sg, 
septum of genital protuberance; sug, urogenital sinus; «, ureter; ub, urinary bladder; 
ur, recto-uterine excavation. 


361). In section the kidney shows two different textures, even to 
the naked eye. The outer cortex appears granular, because there 
are collected the Malpighian bodies and the convoluted tubules, 
while the inner medulla is radiahy lined, since here are the straight 
portions of Henle’s loops and the collecting tubules. Cortex and 
medulla form two series of interlocking pyramids, the result of the 
primitive lobulation of the metanephros. 

The ureters, the history of which is given on p. 360, are free for 
most of their course. In the early stages they open at the base of the 
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allantoic outgrowtli (p. 361) into the samepart of the cloaca as do^ the 
reproductive ducts (fig. 42i)y this region being somewhat separated 
f rom the rest as a urogenital sinus, the individuality of which becomes 
more marked' with 'increasing age (fig. 422, sug). In the mono- 
tremes this condition is permanent, the ureters opening on papilla 
opposite ' the base of the allantois, the proximal portion of which 
expands' to form, the urinary bladder. In all other mammals the 



openings of the ureters are included in the bladder and in these the 
urine only reaches the urogenital sinus by the allantoic stalk, now 
called the urethra, a name which is applied in the male to the whole 
tube leading to the exterior, which can be described only after a non- 
sideration of the reproductive organs. 

Ill the history of the reproductive organs the following parts are 
concerned; the embryonic excretory, organs (mesonephroi), and their 
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(Wolffian) ducts; the gonads; the Mullerian ducts; the cloaca^ and 
the aniagen of the external genitalia which arise in the anterior or 
ventral " wail of the urogenital sinus. 

In the early stages the gonads are situated • anteriorly to the 
kidneys. The ovaries are spherical or oval and are equally developed 
except in the monotremes where the left is the larger {cf. birds) and 
it is of interest that , eggs — one in Echidna^ two in Ornithorhynchus — 
have been found only in the left oviduct. The ovaries remain near ,■ 
their early position in the monotremes, while in all other mammals 
they pass farther back, but never outside of the pelvis. They are 
supported by the mesoaria which are attached to the median side of 
the double fold of the peritoneum which supports the mesonephros. 
When the’ Wolffian body degenerates the fold becomes the broad 
ligament while another fold continues down the Miillerian duct as the 
ligament of the ovary. In some mammals the ovaries have, in addi- 


Fig. 424. — Schematic representation of the descent ‘of the testis, after 0 . Hertwig. 
c, abdominal coelom; w, transverse abdominal muscle, p, peritoneum; s, scrotum; 
coelom of scrotum; testis; v, vas deferens. 

tion, a special fold of the peritoneum, which in the rats and mice 
encloses the ovary, the ostium tubse connected with its opening. 

The testes are relatively small and are shaped much like the 
ovaries and at first they are at about the same level. The outer 
surface is smooth, a fibrous envelope, the tunica albuginea, having 
developed around them, which sends trabeculae inward, dividing the 
seminiferous tubules into lobules. Except in the monotremes (fig. 
423) the testes descend farther into the pelvic cavity, remaining per- 
manently in the pelvis in many insectivores, some edentates, ele- 
phants, whales and Hyrax. In other groups they pass outside the 
pelvic cavity to be enclosed in a special sac, the scrotum. The testes 
are supported by a cord, the gubemaculum, the homologue of both 
ligaments of the ovary. 

The change in position of ovary and testis is accomplished in part by 
the unequal growth of body wall and the supporting ligaments. In the case 
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of the male this descent of the testis is complicated. In outline it is as follows-. 
By the unequal growth of gubernaculum and body wall the testes are drawn 
down into the scrotum which is a protruding part of the body wall into which a 
part of the ccelom extends (fig. 424)- This wall is formed in part from the 
genital folds (fig. 43°, / and p. 39S) which surround the genital eminence. 
It lies in front of the penis in the marsupials, behind it in all placental mammals. 
When the canal connecting the cavity of the scrotum (buirsa inguinalis) remains 



Fig. 425. — Female genitalia of Echidna^ after Owen, openings of ureters Into, 
ug, urogenital sinus; 5, bladder, a bristle passing into urogenital sinus; c, cloaca; d, 
opening of rectum into cloaca; o, ovary; od^ oviduct, the lower part uterine, f, rectum; 
u, ureters. 

open (fig. 424, B) as it does in marsupials, bats, rodents, insectivores, etc., the 
descent is temporary, the testes being withdrawn into the peritoneal cavity 
at the close of the breeding season by the cremaster mtiscle, developed from the 
transverse abdominal muscle. In other mammals the descent is permanent, 
though sometimes it does not occur until the time of sexual maturity. 

Two regions are differentiated in the Miillerian ducts of the female 
monotremes (figs. 425, 426, il', 42 , 7 >I),ananteriorFall 0 piaiitixbeand a 
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more posterior uterus, the lines between the two not being sharply 
drawn. The Fallopian tube connects with the coelom by a broad 
and fringed ostium, while the tube itself secretes the albumen which 
surrounds the eggs. The uterus is more muscular and its walls form 
the horny shell (with calcareous deposits in the duckbill) around the 
egg. Distally each uterus opens directly into the urogenital sinus 
which connects with the cloaca and so with the exterior (fig. 425). 



In all other mammals the lower end of the Mullerian duct, between 
the uterus and the urogenital sinus, is differentiated as a vagina 
to receive the copulatory organ of ^e male. In the marsupial there 
are two vaginae, and in some the vaginse of the two sides fuse near the 
uterus so that a caecal pocket results (fig. 426, J 5 ), and in a few this 
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pocket also connects with the urogenital sinus so that a third vagina 
occurs. ■ 

: In ail placental mammals there is a fusion of the posterior ends of 
the Mullerian ducts, which in the more primitive forms only includes 
the^ vaginal xegion, the result being a single vagina, with two uteri 
connected, each with its own opening (os uteri) into the vagina 
(uterus, duplex^ fig. 427, //). This occurs in most rodents. Still 
higher in the scale (carnivores, ruminants, horse and pig), the fusion is 
carried farther, so that, there is a single os uteri and the uteri are fused 



Fig 427. — Dorsal and side views of female genital structures in 7, monotreme; 
77, Orycieropus duplex); 777, many monodelphs (uterus bipartitus); 7F, most 
monodelphs; V, Brady pus; VI y Dasypus; 6, bladder; cu, urogenital sinus; /, Fallopian 
tube; g, genital sinus; Uy uterus; Vy vagina. 

only at the lower ends (uterus bipartitus, fig, 42^^ III), Again the 
fusion may be carried farther (uterus bicomis, fig. 426, C) in which 
the double origin is still shown in the two horns at the proximal end. 
Lastly, as in primates (figs. 426, D; 427, F, VI) the fusion is complete 
and a uterus simplex occurs, the double nature being shown only by 
the two Fallopian tubes. 

The reproductive duct of the male is the Wolffian duct which is 
connected with the testis by the epididymis already described. 
There are numerous small tubules, the homologues of the efferens 
ductules of the lower vertebrates, and like them connected by vessels 
which correspond to the longitudinal canals. The upper end of the 
Wolffian duct (now called the vas deferens), is- greatly coiled, and the. 
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lowerportioii opens into the urogenital sinusj or urethraj the walls of 
which are niuscuiar, forming an ejaculatory duct*. 

. In the female the Vi^olffian duct and the mesonephros are largely lost in the 
adult, the mesonephros forming a small collection of tubules near the anterior, 
end of the ovary which are known as the parovanum. ■ In the male the MiiEerian 
duct is also largely lost, the lower portion sometimes persisting as a small blind' 
tubule embedded in the prostate gland and knowm 
" as the utems masculinus. 

, In the testes, between the tubules, are small 
aggregates of ceils known as interstitia! cels, which' 
have recently been shown to be glands with internal 
secretion. In man their products, which pass into 
the blood, apparently' cause the assumption of the 
secondary male characters— growth of hair on the 
face, change of voice, etc. — at the time of puberty. 

There would also seem to be some analogous structure 
in the ovary governing the development of female 
characteristics and controlling some of the features 
of menstruation. 

There are a number of accessory glands con- 
nected with the genital ducts, these being usually 
better developed in the male than in the female. 

Only the more prominent are mentioned here. The 
seminal vesicles (present in some rodents, bats, 
insectivores and in ungulates and primates) are a 
pair of tubular or saccular glands opening into the 
vasa deferentia just before their entrance into the 
urogenital canal. The prostate glands (figs. 428, 429, 

431), which occur in all placental mammals with the 
exceptions of edentates and whales, are connected 
with the urogenital canal. Farther along the canal 
are Cowper^s glands (figs. 428, 431) which occur in 
almost all mammals as scattered bodies or aggregated 
into larger masses, and surrounded by smooth 
muscle. , 

Concerning the functions of these glands con- 
siderable uncertainty exists. ' From the fact that 
removal of the prostate and the seminal vesicle in 
rats prevents fertilization, and the further fact 
: that the secretion,: of the seminal vesicles increases the activity of the sperma- 
' tozoa, it seems probable that, they are of great importance m connexion with 
fertilization. 'Then it has been shown that in some instances the coagulation of 
the ' secretion of these glands closes the vagina after copulation has occurred, 
V thus preventing the exit of the sperm.' , 

In the monotremes the urogenital sinus empties into the cloaca, 
from which waste from the digestive canal as well as urinary and 



Fig. 428. — Glands of the 
male urogenital apparatus 
of the mouse (Rauther) . c, 
Cowper’s gland; cc, corpus 
cavernosum; g, glans Priapi 
shown by cutting open the 
prepuce; prostate 

glands I and 3, 2 being hid- 
den on the other side; pg^ 
preputial glands; Uj ureter; 
ub, urinary bladder; vd, vasa 
deferentia* w, vesicle of vas 
deferens. 




Fia 43o-“-I>eveIopment of the male external genitalia of man, after 0. Hertwig, 
indifferent stage from which either sex may develop; B, early, and C, later stages; 
anus;/, genital folds; g, nrogenital groove; p, genital prominence; r, genital ridge; s. 

TMs pit is not a cloaca, since it is ectodermal in origin, wMle the 
cloaca is derived from the entodermal part of the digestive tract. 

In the monotremes the penis 431, /) is still cloacal in posi- 
tion, but there is an advance over the sauropsida in that the groove on 
the dorsal surface has been converted into a canal which carries both 
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reproductive products pass to the exterior through a single opening 
(whence the name monotreme). In all other mammals there is' a 
more or less complete separation of faecal and urogenital matter. This 
is accomplished by a horizontal partition which divides the cloaca 
into a dorsal rectum and a ventral urogenital portion, the wall be- 


Fig. 429.— 'Diagram of male genitalia of hQa.vQTf Castor canadensisj after Weber, 
a, anus; ag, anal gland; b, urinary bladder; gv, gland of vas deferens; oa, opening of anal 
gland; op, os penis; i», prostate; preputial gland; r, rectum; i#, ureter; vd, vas deferens. 

tween them being the perineum. This is but slightly developed and 
not appearing from the exterior in marsupials, where there is an 
inpushing of the external skin so that only one opening is visible. 
The same is true in a less degree in rodents (fig. 429) and insectivores. 
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urine, and, sperm * The whole structure can .be protruded, and re«- 
tracted into a sheath, formed from the loose mucous membrane of the 
cloaca. As stated above^ in, ail other mammals the connexion of 
the urogenital sinus with the cloaca is lost in the early stages j though 
in the lower groups the -capacity of protrusion and retraction of the 
penis, is retained. 

In both sexes of the other mammals the same anlagen of the external genitalia 
■are found. These consist of the genital prominence already mentio,iiedj which 
is formed from the ventral or anterior wall of the cloaca. This soon protrudes 
from the opening aiid^ when the perineum is formed, two thickenings appear on 
either side, a more medial genital fold and a larger and lateral genital lidgCg 
these extending back nearly to the level of the anus (fig. 430).. , In the female the 



genital prominence (clitoris) never develops much farther, while the folds and 
ridges become the labia minora and majora. In the male a groove is formed on 
the primitively dorsal surface of the prominence, this continuing into the cloaca. 
Then the grow together behind the prominence, closing the groove to a tube, 
the iireth* " while the prominence becomes the glans penis. A similar growth 
of the gey ridges toward the median line results in the formation of the 
outer e scrotum. 

In mammals there is the same retractile condition of the 

penis ^imonotremes (figs. 429, 431, 11 ), but in the higher 

^o'lnently exserted (fig. 403, III). In the marsupials 
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the tip of the penis is frequentiy bifurcatCj corresponding to the two 
■ vagina of the female. ■ In many rodents, bats, many carnivores, 
whales and a few primates a penis bone is developed in the middle line 
of the intromittent organ (fig. 429) . In all there are the same corpora 
•fibrosa and cavernosa as in the sauropsida. 

' iroTRITIOM AND RESPIRATION OF THE 
EMBRYO-FCETAL ENVELOPES 

In ail vertebrates except the mammals there is enough nourish“ 
nient stored, in the egg to carry the young through itS' development 
up to the point where it hatches and shifts for itself. In the cyclo* 
stomes, dipnoi; and amphibia this nourishment (food^-yolk or deuto- 
plasm) is soon enclosed by the body wall. In ganoids and teleosts, 
where it is relatively larger in amount, it forms for a time a projecting 
mass enclosed in a yolk sac, and this condition reaches it extreme in 
the elasmobranchs and sauropsida. The yolk sac, in the fishes, is an 
extension of the intestine and the body wall, and is richly supplied by 
vitelline arteries and veins which are derivatives of the omphalo- 
mesenteric vessels (p. 322). In the sauropsida, owing to the develop- 
ment of the amnion and the consequent separation of the non- 
embryonic somatopleure from, the yolk, the yolk sac is composed of 
the splanchnopleure alone, but it has homologous blood-vessels. In 
the mammals (monotremes excepted) the yolk is greatly reduced and 
the yolk sac (here often called the imibilical vesicle) is vestigial in 
character. 

The vitelline vessels take the yolk and carry it into the body where 
it is utilized in building the embryo, all of it being eventually met- 
abolized and used by the cells. The rich supply of capillary vessels in 
the sac also forms an efficient respiratory apparatus. In the vivi- 
parous sharks villi are developed on the oviducal uniixg and these 
afford a means of exchange of gases with the embryo, and for getting 
rid of the nitrogenous waste. It is a question how far there is a 
transfer of food by the same means. In some species of Mustelus 
and Carcharias the villi fit into depressions in the yolk iac, thus 
forming an analogue to the placenta of the mammals — 
placenta — though formed in a greatly different manner. ^ 

The viviparous teleosts have saccular ovaries, and evelop- 

ment of the egg takes place in the cavity, the walls of the 

breeding season become villous. In the viviparous Sala'.^^j,£m aira 
only one egg develops and when the embryo leaves th| .her, it 
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.has the adult shape. The other eggs ' degenerate and are used' as. 

. food . by the one.. There is also a modification of the lining of the 
oviduct in this species which allows some blood to escape and this ^ 

gives additional nourishment, . 

In the amniotes the yolk sac reappears and there are, in addition, . : 

two other fcetal structures which are peculiarly characteristic, the ■ ^ ^ 

allantois and the amnion, to which reference has been made in the ; ' , ' .'^v^ 

preceding pages. 

. . The amnion usually arises as, a fold of, the somatic wall of the ^ 
ccelom in front and on either side of the embryo (fig., 43,2), later ! . V ' 

followed by a similar tail fold. , These folds extend upward and then 
inward, until they finally meet above the embryo, thus enclosing it 
in an amniotic cavity , ' filled with an amniotic fluid. These folds 
, fuse in the middle line, the two sides of the fusion breaking through ■, ' 

so that above the wall of the amniotic cavit)^^ — the tme amnion— ■ 

there is a second cavity, a part of the extraembryonic coelom, directly 
continuous with the ccelom of the body. This cavity is bounded 
externally by the dorsal part of the amniotic fold, which is called 
the serosEj false amnion or chorion. The serosa lies immediately 
below the vitelline membrane of the egg. - 

In a number of mammals the amniotic cavity arises by a splitting of the 1 

embryonic area in such a way that the results are practically similar to those ■ 

described above. Little is known of the phylogeny of the amniotic structures, I 

which are without parallel in the animal kingdom, except in the scorpions w'here ; 

similar structures arise in the same way. Of course there is no phylogenetic . ^ 

connexion between the two. It has been suggested that there may be a tendency 
for the embryo to sink into the yolk and that the amnion is to prevent its being 
completely covered by this substance. It should be noted that the amnion -i 

only occurs in the terrestrial forms, and that it results in the complete envelop- ; 

ment of the embryo by a fluid medium which acts like a water cushion, tending 
to prevent injuries which might accompany the deposition of the egg on the 
land.",' ■ 'T', 

^The„hoinologue of: the allantois is found in the urinary bladder oi: - ,y 
the amphibia. , . It is, an outgrowth from the. ventral side of the hinder . ■, 

' ond of the digestive tract and consists.'of .a lining of entoderm, covered .,■• , . . 

'externally with the, splanchnic layer of the mesoderm — is developed 
solely from the splanchnopleure — and projects into the , coelom (fig. f 
432, lower). In its outgrowth it carries with it branch,es'.,of ,',the 
.hypogastric blood-vessels, the allantoic arteries and veins (figs. 349, 

356, usually there is but a single vein). As it develops, it extends ^ 
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Hto, the exocffilonij, its distal end swelling into a large sac. 


Fig. 432, — Diagrams of the development of amnion and allantois. Upper figure 
earlier, transverse section; lower later, longitudinal a, amnion; d, alimentary canalS 
am, cai}, amniotic cavity; ch, beginning of placental area; s, serosa; so, somatopleure: 
ys, yolk stalk. 

chorion and fuses with it, and the sac, flattening out, may gradually ' 
extend until the embryo and the amnion are nearly enclosed by it.^ 
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S'erves for the nutrition and respiration of the growing young. For 
a-oomprehensioii of its, structure a few details of the, composition of 
the .uterus, are necessary. The wall of the uterus has an outer^ coat^ a 
part of the peritoneumj inside of which is a thick muscular layer^ this 
'.being followed by a mucous layer (mucosa) which consists largely 
of connective ' tissue ramified by numerous blood-vessels and by 
.branched glands which are merely ■ diverticula of the epithelium 
lining , the cavity of the uterus (fig.- 433). ' 

■ ' Except in the monotr ernes,, the eggs, . fertilized in the. 'Fallopian 
tube, descend, into the uterus and there become implanted, either in 
the cavity or' actually enveloped in the mucosal wall. In the mar- 
supials and, in some other forms the yolk sac is large and nearly en- 
closes the whole embryo and its amnion, and so leaves but a small 
space where the allantois could possibly reach the chorion. The yolk 
sac is highly vascular and it becomes thrown into a number of folds 
which become inserted between corresponding folds of the uterus, the 
epithelial walls of which degenerate into a syncitial layer. By this 
vitelline placenta, some nourishment is transferred to the young. 
Among the marsupials, only in Perameles emd Dasyurus does the 
allantois reach the chorion, this part now resting against the uterine 
syncitium, these two species having a true or allantoic placenta. All 
other mammals have the allantoic placenta, the details of its structure 
differing greatly in the separate orders and even within the same 
order. There is also much intergrading, but the following general 
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account will give the major heads under -which the different types may 
be arranged. 

In many mammals there is no very intimate connexion 
the allantoic and the maternal tissues, and when birth occurs ^®Hi| 
merely a separation between maternal and foetal parts. Th^^^B 
sion was formerly called non-deciduata, for which, for reaso|HP| 
necessary to discuss here, the term semiplacenta has recentl)^^® 
introduced. In two marsupials {Dasyurus ■: thi 

occurs and in them the outer surface of the cl^ 
the only union between maternal and foetal st| 
the apposition of the two surfaces. A place] 
semiplacenta avillosa. 1 

In all o^lgjUU^niais the surface of the ch| 
with proje(^M fe ) into which loops of the i 
extend, tii’'^^^feing the amount of absor 
villi are arr^g^ alK different ways. Thus in t 
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many ungulates they are uniformly distributed over the surfacey and 
extend into the glands of the uterus, a layer of modified' uterine 
epithelium intervening between villi and maternal blood-vessels 
(semiplacenta diffusa) « In other ungulates (most ruminants) the 
villi are arranged in, groups or cotyledonSj the chorionic surfaces, 
between the cotyledons being smooth (semiplacenta multiplex, the 
old cotyledonary placenta) « In the dugong the villi form a ring or 
zone around the chorion, -either -end being free from them (semi- 
placenta zonaria). 

In the remaining mammals the union of uterine and foetal struc- 
tures is far more intimate. The uterine epithelium disappears early, 
and the villi extend into the remains of the glands, so that, festal and 
maternal tissues are inextricably intertwined. In these cases, when 



Fig. 434. — Scheme of relations of blood vessels in placenta vera (modified from 
Keibel). maternal blood vessels; he, enlarged maternal capillaries; chorionic blood 
vessels of embryo; e, endothelium of maternal capillaries; ce, epithelium of chorion; 
maternal decidua; villi. 

birth occurs, not only is the allantoic portion of the placenta cast off, 
but to mucosa splits and is lost with the other. The forms having 
this type were formerly classed as decidiiata, now they are said to have 
a true placenta (placenta vera) composed of foetal and maternal 
portions. Of these there are two tjrpes with an intermediate con- 
dition, these being based as before on the distribution of the villi. 
In the zonary placenta (most carnivores) the villi form a ring around 
ithe chorion, and in the elephant and the hyracoids cotyledons also 
heaxx. The second type, represented by bats, insectivores, rodents 
43S) 3.nd the higher primates (induding man) the placenta is 
disc-like, occurring on only one side of the chorion (discoidal pla- 
centa). In* a few .carnivores the conditions are intermediate be- 
tween the discoidal and the zonary types, the zone being incomplete, 

with a gap of some extent. 

26 ^ 
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„It should, be noted that in several forms with an allantoic placenta (horse j, 
.carnivores^ .rodentS; and insectivores) there is, also present, a, more or less well- 
'developed viteffine placenta, , ■ In the case of the placenta vera there' may be 
merely an invasion of the connective, tissue by the chorionic villlj Or .the walls 
of, the uterine blood-vessels may, break 'down, so that thC' villi extend, into the 
Mood .stream of the mother. ■ In the primates the chorion at first has villi all 
over the surface, but later they are restricted as described above, so that there 



are recognized two regions, the chorion frondostim, with villi, and the chorion 
i^ve, where they are absent. 

That portion of the uterine wall which, in animals with a placenta vera, is 
cast off at birth is called the decidua. In man and the higher apes the embryo 
and its envelopes become enclosed (fig, 433, 0 ) in the uterine wall, and in 
case the portion which bounds the embryo toward the free surface is called th® 
deddua capsularis (or reflexa), that opposite, the decidua seiotfnaj while th* 
rest of the mucosa is the deddua vera. In animals with a true placenta there’ 
would be extensive hemorrhage at the time of parturition, were it not that the 
contraction of the uterine muscles closed the blood-vessels. After birth, the 
lining epithelium of the uterus is restored by outgrowths from the bottoms of 
the uterine glands which are not cast ^ off with the decidua. 
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DEFINITIONS OF SYSTEMATIC NAMES 


Acanthias, genus of sharks inciuding com- 
mon dogfish. 

Acipenser, genus of ganoids; sturgeon. 

Aglossa, tongueless toads from Africa and 
South America. 

AUantoidea, the higher vertebrates with 
allantois; reptiles, birds and mammals. 

Amblystoma, genus of tailed amphibians, 
largely American. 

Amia, genus of ganoid fishes peculiar to 
America. 

Ammoccetes, the larval stage of the lam- 
preys. 

Amniotes, division of vertebrates with 
amnion and allantois in development; 
reptiles, birds and mammal. 

Amphibia, class of vertebrates, young 
with giUs, adults with lungs; frogs, toads 
and salamanders. 

Amphioxus, fish-like form without verte- 
bras, type of group of Leptocardii. 

Amphipnous, eel-like fishes from India. 

Amphisbaenans, legless lizards. 

Amphiuma, genus of tailed amphibians 
with rudimentary legs and gill slits; 
southern U. S. 

AnaUantoidea, vertebrates without an 
allantois; ichthyopsida. 

Anamnia, vertebrates without an amnion; 
ichthyopsida. 

Anguis, genus of footless lizards. 

Anser, genus of birds including geese. 

Anthropoids; sub-order of primates includ- 
ing the higher apes and man. 

Anura, order containing the tailless am- 
phibians; frogs and toads. 

Aquiia, genus of birds including eagles. 

Archgeopteryx, a fossil bird with teeth and 
a reptilian tail. 

Archegosaurus, genus of extinct stego- 
cephal amphibians, 

Arcifera, group including toads and tree 
toads, 

Arthrodira, order of extinct dipnoi (lung- 
fishes) some very large. 


Artiodactyia, ungulate mammals with even 
number of toes; cattle, sheep, deer. 

AstToscopus, genus of electric fishes; 
marine. 

Atelodus, genus of two-horned rhinoceros. 

Aves, the class of birds. 

Bdeilostoma, genus of myxinoids; hag 
fishes of the Pacific. 

Belone, genus of fishes; bony gars. 

Bombinator, genus of European toads 
unke. 

Bradypus, genus of edentate sloths. 

Branchiosaurus, genus of extinct stego- 
cephal amphibia. 

Bufo, genus of amphibians, toads. 

Buteo, genus of raptorial birds, hawks. 

Butyrinus, genus of herring-like fishes. 

Caecilians, a group of legless tropical am- 
phibians. 

Caiman, genus of crocodiles. 

Calamoichthys, genus of ganoid fishes 
from Africa. 

Callopterus, genus of extinct ganoid fishes. 

Camptosaurus, genus of extinct dinosaur 
reptiles. 

Capitosaurus, genus of extinct stegocepha- 
lous amphibia. 

Carcharias, genus of sharks; sand shark. 

Carinatse, birds with a keel to the sternum, 
includes all living birds except ostriches. 

Carnivores, order of flesh-eating mam- 
mals; cats, dogs, bears, weasels, seals. 

Castor, genus of rodents, beaver. 

Ceratodus, genus of dipnoi (lung-fishes) 
from Australia. 

Ceratophrys, genus of So. American toads. 

Cervus, genus of Ungulates, common deer. 

Cestracion, genus of sharks from the 
Pacific. 

Cetacea, order of mammals, whales. 

Chauna, genus of So. American crane-like 
birds; hooded screamers. 

Chelonia, order of reptile turtles. 
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Clielonei genus of turtksj green turtle* 
Clielyiira, genus of turtles; snapping 
turtle. 

Clielydrosaiirus; genus of extinct stego- 
ceplialous amphibia. 

CliimaTu, genus of peculiar deep-water 
sharks. 

Chimceroids. order of shark-like fishes; 
Hoiocepliali. 

CMroptera, order of mammals, bats. 
Chlaniydoseiachus,, genus of primitive 
deep-sea sharks from Japan. 

Choioe-pus, genus of edentates, sloths. 
Chondrostei; order of ganoid fishes, stur- 
•. „ ^ geon. 

Chrysemys, a genus of turtles. 
Chrysophrys, genus of fishes; sea bream of 
. . Europe. . 

Clirysothrlx, a genus of So. American 
, : monkeys. 

Cistudo, genus of chelonia; box turtles. 
Cladoselache, genus of extinct sharks, 
Clupeidm, family of fishes including her- 
ring, shad, aiewives and menhaden. 
Cobitls, genus of fishes; loaches. 
Coregonus, genus of fresh- water fishes; 
white fish. 

Crocodiiia, order of reptiles including the 
alligator. 

Crotaius, genus of snakes, rattlesnakes. 
Cryptobranchus, genus of tailed amphi- 
bians with permanent gill slits; hell- 
bender of No. America. 

Cyciostomes; class of vertebrates without 
jaws, including lampreys and hag fishes. 
Cynognathus, genus of extinct thero- 
morph reptiles. 

Cyprinids, family of freshwater fishes, 
carp, minnows. 

Delphinus, genus of whales; dolphins. 
Derotremes, tailed amphibia with perma- 
nent gill slits. 

Desmognathus, genus of salamanders. 
Didelphys, genus of marsupials, opossums. 
Diemyctylus, genus of small spotted sala- 
manders, 

Dinosaurs, extinct terrestrial reptiles, 
some of enormous size. 

Dipnoi, sub-class of fishes with gills and 
lungs, lung-fishes. 

Discosaurus, genus of stegocephalous 
amphibians. 


Dromatherium, genus , of extinct, primi- 
:tive mammals. 

Echidna, genus of monotremes, spiny ant- 
eaters of Australia. 

Edentates, order of mammals including 
sloths, armadillos, etc. 

Elasmobranchs, a sub-class of vertebrates 
including the sharks and skates. 
Embiotocids, family of fishes from the 
Pacific which bear living young; surf 
perches. 

Epicrium, genus of ciecilians. 

Erinaceus, genus of insectivorous mam- 
mals; hedgehogs. 

Eryops, a genus of stegocephals. 
Erythrinus, genus of tropical fishes. 
Euornithes, a name given to all recent 
birds. 

Eupomatus, fresh-water sunfish. 
Eurycormus, genus of fossil ganoid fishes, 

Firmistemia, anurous amphibia with the 
halves of the sternum united to each 
other; frogs. 

Fulica, genus of water bird; coots. 

Gaieocerdo, genus of selachians; tiger 
sharks. 

Galeopithecus, a flying mammal from 
Asia of uncertain position. 

Galeus, genus of sharks; dogfish. 

Gallus, genus of birds including the com- 
mon fowl. 

Gambusia, genus of fishes; top-minnow. 
Ganoids, sub-class of fishes intermediate 
between sharks and bony fishes; stur- 
geon, garpike, etc. 

Geococcyx, a genus of cuckoos. 

Geotriton, a genus of European salaman- 
ders. 

Gerrhonotus, genus of lizards. 

Glyptodon, genus of edentates allied to 
armadillos. 

Gnathostomes, vertebrates which have 
jaws; includes all except cyciostomes. 
Gobiids, family of small fishes, mostly 
marine; gobies. 

Gymnophiona, order of amphibia without 
tail or legs; tropical; caecilians. 
Gymnotus, electric eel of So. America. 

Halmaturus, genus of kangaroos. 
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Hatteria, anotlier name for Sphenodon. 

Helodermay poisonous lizard from Ari- 
zona; Gila monster. 

Heptanchus, primitive shark with sevens 
gill slits, , 

.Hexanchusj primitive, shark with six gill 
slits. 

Holocephali, , order of shark-like fishes; 

. Ghimsera. 

Hypogeophis,, .genus of- Caecilians. ' 

Hyracoidea, order of mammals iiiclud.mg 

, Hyrax, , 

Ichthyophis, genus of csecilians from Cey- 
lon. 

Ichthyopsida, group of vertebrates which 
have gills; fishes, amphibia. 

Ichthyosaurs, extinct aquatic reptiles. 

Iguana, genus of tropical American lizards. 

Insect! vores, order of small mammals; 
moles, shrews, etc. 

Inuus, genus of macaques including the 
Barbary ape. 

Lacerta, genus including the common 
lizards of Europe. 

Lacertilia, sub-order of reptiles including 
ail lizards. 

Lagenorhynchus, a genus of dolphins. 

Lepidosiren, genus of lung fishes (dipnoi) 
from South America. 

Lepidosteus, genus of ganoid fishes, gar- 
pike. 

Lopholatilus, genus of teleosts from Gulf 
Stream; tile fish. 

Macropus, genus of marsupials; kangaroos. 

Mammals, class of vertebrates, with hair, 
nourishing the young with milk. 

Manatus, genus of sirenians, manatees. 

Manis, genus of old-world edentates; 
scaly ant-eaters. 

Marsupialia, sub-class of mammals with 
pouch for young, opossums, kangaroos, 
etc. 

Megalops, genus of fishes including the 
tarpon. 

Melanerpeton, genus of extinct stego- 
cephai amphibians, 

Monodelphia, sub-class of mammals, in- 
cluding ail except monotremes and 
marsupials. 


Monotremata, sub-class of mammals with 

' cloaca; includes duckbill and Echidna 

of Australia. 

Morones, genus of catfishes. 

Mugii, genus -of fishes, mullets. . 

Musteius, genus of small sharks; dogfish. 

M3nrmecobius, genus of Australian mar- 
supials. 

Myxine, genus of -cyclostomes; hag fishes. 

Myxinoids, group of cyclostomes; hag 
fishes. 

Necturus, genus of aquatic amphibians 
with tail and external gills, central U. S. 

Notidanids, sub-order of sharks with more 
than five gill clefts. 

Nototrema, genus of South American toads 
with dorsal brood sac. 

Ophidia, sub-order of reptiles; snakes. 

Opisthocomus, South American bird, type 
of a separate sub-order. 

Opisthodelphys, genus of tropical Amer- 
ican tree-toads. 

Omithorhynchus, genus of monotremes; 
duckbill of Australia. 

Ostariophysi, bony fishes with Weberian 
apparatus. 

Ostracoderms, a group of extinct verte- 
brates of very uncertain position. 

Falseohatteria, a fossil reptile allied to 
Sphenodon. 

Palseospondylus, a problematical fossil 
vertebrate from Scotland. 

Perennibranchs, tailed amphibia which 
retain the gills through life. 

Perissodactyls, sub-order of mammals with 
odd number of toes; horses, rhinoceros, 
tapirs. 

Petrobates, genus of extinct theromorph 
reptiles. 

Petromyzonts, sub-class of cyclostomes, 
lampreys. 

Phoca, genus of carnivores including com- 
mon seals. 

Physociisti, fishes in which the air-bladder 
is closed. 

Physostomi, group of fishes in which the 
air-bladder has a duct; mostly fresh 
water. 

Pipa, tongueless toad from South America. 
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Pisces, the class of fishes, 

Placeatalia, all mammals (except marsu- 
pials and monotremes; in which a pla- 
centa occurs. 

Piacodus, genus of extinct tlieriomorph 
reptiles. 

Plesiosaurs, order of extincts long-necked 
swimming reptiles. 

Pol3^odonj genus of ganoid fishes, paddle 
fish. 

Poiypterus, genus of ganoids from Africa. 

Poriclithys, genus of fishes from Pacific; 
midshipman. 

Primates, highest order of mammals, in- 
cluding monkeys, apes and man. 

Pdstiurus, genus of European dogfish. 

Proboscidea, order of mammals, including 
elephants. 

Procolophon, genus of extinct theromorph 
reptiles. 

Proteus, genus of tailed amphibians from 
caves of Austria, allied to Kecturus. 

Protopterus, genus of dipnoi from Africa. 

Psittacus, genus of parrots. 

' PterodactylSi extinct . flying reptiles. 

Pterosaurs, extinct fi 3 dng reptiles, ptero- 
dactyls. 

PythoRomorphs, a group of extinct swim- 
ming reptiles. 

Raia, genus of elasmobranchs, including 
the- skates. 

Rana, genus of amphibia, frogs. 

Ratitie, birds without keel to sternum, 
ostriches. 

Rhe a,^ th ree-tped ^ South American ostrich. 

Rhynchobatus, genus of tropical skates. 

Rhynchocephalia, order of lisard-like rep- 
tiles; Sphenodon ,p! , New ,2^alap^^ . 

living species. 

Rodehtia, order of mammals with gnawing 
teeth, rats, rabbits, beaver. 

Ruminants, group of ungulate mammals 
which chew the cud. 

Salamandra, genus of tailed amphibia 

' from Europe. 

Salamandrina, order of tailed amphibians 
without gills. 

Salmonids, family of fishes including trout, 
and salmon. 

Sauropsida, class of vertebrates including 
reptiles and birds. 


Sceioporus, genus of lizards of eastern 
United States. 

Scoliodon, genus of sharks. 

f Scomber, genus of fishes; mackerel. 

Scorpaenichthys, genus of sculpins. 

Selachii, order of elasmobranchs; sharks. 

Serranidse, family of marine, perch-iike 
fishes. 

Siluroids, order of fishes containing the 
cat-fishes. 

Siren, genus of tailed amphibian from 
U. S. with external gills- 

Sirenia, order of marine mammals; 
manatees and dugongs. 

Sirenoidea; order of lung-fishes, contain- 
ing the living species. 

Spalacotherium, genus of extinct mam- 
mals. 

Sphenodon, genus of lizard-like reptiles 
from New Zealand; order Rhyncho- 
cephalia. 

Squamata, order of reptiles including 
snakes and lizards. 

Stegocephala, order of extinct amphib- 
ians. 

Stegosaurs, family of extinct dinosaur rep- 
tiles, some very large. 

Stenops, genus of lemurs. 

Stenostomus, genus of fishes; scup. 

Struthio, African ostriches. 

Teieostomes, fishes with true jaw, includes 
ganoids and teleosts. 

Teleosts, order of fishes with bony skele- 
ton, including all common fishes. 

Testudo, genus of land turtles. 

Testudinata, turtles, same as Cheionia. 

Tetrapoda, term to include amphibia, 
reptiles, birds, and mammals, which 
have feet in place of fins. 

Theromorpha, extinct reptiles, forming the 
lowest order of the class. 

Tinnunculus, genus of hawk-like birds; 
kestrel. 

Torpedo, genus of skates with remarkable 
electric powers. 

Trionyx, genus of fresh-water turtles, 

Triton, genusof tailed amphibian, aquatic, 
European. 

Tropidonotus, genus of snakes, including 

; our water snake. 

Trygon, genus of skates, string-rays. 
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Typhlopidse, family, of peculiar tropical 
serpents. 

Ungulates, order of mammais wMch walk 
: on,' the tips of tlie toes; liorscj cattle, 
deer, antelope, etc. , , 

Urodeles, order of tailed amphibia. 

Varanus, ■ genus of lizards from Africa. 


Xenacanthus, genus of fossil sharks. ■ 
Xenarthra, sub-order of Ame,rican ,■ eden- 
■ tales, ant-eaters and armadillos. ■ ■ 

Xenopus, ■ genus .of,; tongueless toads; from 

Africa.. 

Zeuglodon a genus of extinct .whales 

(Cetacea), 

Ziphius. genus of toothed whales 


Xantusia, genus ,of lizards 




LATIN AND GREEK ROOTS OF TECHNICAL WORDS 

. The following list of Latin and Greek roots and stems may prove of value to students 
who wish to know the meaning of anatomical and embryologica! names. The root is 
given in the form in which .it is usually , employed in combination^ and there is no at- 
tempt to. give the form of the word from which it is derived. Parentheses are used to 
show variantSj usually the result of decimation ox conjugation. 


a, at the. beginning. of many words, without 
aD, from':';: : , 

lead or draw from 
acanthi prickle or spine 
arer, without horns 
acetabulj vhxtgax QM-p 
acin^ cluster of grapes 
aero, summit or top 
actm,my 

aciist, relating to hearing 
fld, to, towards 
adduct, draw to or towards 
adipo, fat 

advehen, carrying to 
adventitia, foreign, coming or added to 
aegitho, sparrow 
affer, carrying to 

ala, wing 

alb, white 

ali, wing (in some cases a different 
meaning) 
allani, sausage 

pit, cavity or socket 
amhly, hhmt 
amnio, a foetal envelope 
amoeb, change 
amphi, both, on both sides 
ampulla, a flask 

an, at the beginning of words, without 
ana, up, back, again, anew 
anchus, bend, bay or sinus 
a7idr, man (male) 
angul, angle 

ankylo, stiffening of the joints 
anomo, lawless, irregular 
ante, in front of 
anthro, man 
anti, opposite, against 
antr, cave 

aorta, lifted up (part of blood-vessel) 
apo, from 


aqua, water 

arach, spider, spider-web 
arbor, tree 
arc, arch 

arch, ancient, primitive 
archos, anus, the rectum 
are, space 
argent, silver 
arthro, joint 
artic, joint 

artio, even in number 
aryten, pitcher 
asc, sac, pouch 
aspid, shield 
aster, star 

astrag, dice, originally a knuckle bone, 
used as a die 
astra,stat 

without pillar or prop 
aier, air a, black 

atlas, a Titan, fabled to carry the world 
on his shoulders 
a/r (M/;;?), vestibule or forecourt 
aur, ear, gold 
auto, sdi . 

axi, axis 

azyg, unpaired (without a yoke fellow) 
haena, 

halan, acorn 
beard 

hasi, at the bottom 
to (w), skate, ray 
sucker 

hi {o or a), life 
bi ( 5 ), twice or two 
bigemm, twins, paired 
blast, germ 

hotry, small bunch of grapes 
bracM, arm, especially upper arm 
hracky, short 
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hraiy^ slow 
Iffjfieij.gil 
■5wi£:/ij\wiaipipe"; ^ 

:l«€c%;Xavity;ti£ aioiit'li 
huUa, bubble, fiasfc , 
ii#»% MH':, ,A'" 

Imrsa^ poucb 

temporal . 

blind 

cdam, a reed, a pen ; 
callous 
iieM .. 

bead 

mfMyhm: . . 

..card, ybeart ■ 

:mrf»3>keei' ■ 

■tfifffj'teb ' ; 

'ca-rolM, producing stupor .(because , co.ni- 
'.pressioa of tbis, artery was supposed 
■■"to., cause '.stupor) ■■. 

.wrist,; ,, 

-aii^;aut,v ■ 
cmda^ tail 
cm^ hollow 
uph^ head 
cera^ cerai^ born 
ccfc, boras, lobes, short tail 
urv, neck 
cketTf band 
€kelonf turtle 
ckely^ turtle 

chiasm, crossing of line* 
chit, lip 
chir, band 

chlamy, an outer garment 

choan, funnel 

choledoch, bile carrying 

chondr, cartilage (originally lump) 

chord, cord 

chorion, membrane 

chrom, color 

chrys,, golden 

chyl, fluid 

chym, juice 

cipii, bead •' ^ 

dff im), tentacle (orlgiiially a curl) ' ^ ■ 
dad branch 
dmt, broken 


' dm, key, .., 

■ dmdr'ks^- .■„' ■ 

'. " cleisl, closed , , 

■ bar or key ' 

■ elm, ,' bed, recline 
clist, closed 

■ chaca, sewer ' , , 

cochl, shell . 
coel, hollow 

col {on), large intestine 
coll, neck 

collat, borne together 

columella, little column 

enw, together 

commie, smX out 

con, together, with 

conch, shell 

condyl, knuckle 

conus, cone 

copra, dung 

cora (x-c), raven 

cork, basket 

cord, heart 

corium, leather 

corn, horn 

coron, crown 

corp, body 

cort, bark 

cost, rib 

cotyl, cup 

crani, skull 

crass, thick 

cremaster, suspender 

crep, shoe, slipper 

cribi, sieve 

cric, ring 

crist, crest 

crosso, tassel, fringe 

crura, crus, shank or shin 

crypt, Mdden 

cten, comb 

cune, wedge 

cusp, lance, point 

cyd, circular 

WmM0^^0BSSS§§SSISs§^ 

, iasy, thick, hairy dense, raw, crude, naked , : , 
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{aly tim)y a divIsioE of anytMng 
deca^ ten 

'deai, /dropping, falling off ■ , 

, decussy cms& banding 
deky visible 
delphy womb , 
demtj balf 
den. (Sj 0, tootb ' 
tree, busb 
dermy skin 
def 5, long persisting 
desmoy band 
deuty second 

diy dhy two, twice, donble 
tbrougb, apart 
didym, twin 

finger (or toe) 
dinoy terrible 

diphyy double, grown together 
diplo, double 
disy two, twice, double 
diverty turn aside; dmrikulumy a small 
side sac or pouch 
don {t), tooth 
dorsy back 

dromy quick running 
diiOy two, twice , . . 

duodeny twelve (this part of the intestine 
is about twelve inches long) 
duray hard, tough 

echin, spiny 
ecty outer, outside 
effefy carrying away 
eiaculy throwing out 
elasmoy plate, fiat 
embioy living 

mholy thrown in, inserted 
endy inner 
engyy narrow 

ensiy sword ^ 

- enter, inside, espedaily digestive tract 
ependyma, upper or outer garment 
epiy upon 

equinay pertaining to horse 
erythfy red 
ethmj sieve 

euy well, very, exceedingly 
euvyy wide, broad 
■eXy outside, from, without 
extensy drawing out 
extern, outside 


exim, beyond, ■additional,^inore 
extrinSy coming from outside 


little bean 
/ulc (/uW, sickle 
fuse (iu, ®c), band, bundle 
/nwm, the upper throat 
f6r, to carry or bear 

femur (of) y tMgh 
fenestfy mudovr 

breast- or safety-pin 
jiiJ, thread 
fimbria, fringe 

fistula, tuho 

flex, to bend 
flocculus, lock oi wool^ 
spring, fountain 

foramen, opening, usually small 
vault, dome 

shallow round depression 
fund, to poxLX 
furculy fork 

gaster (tr), stomacli 

gano, shining, splendor 

gangliy knot in string 

gallus, cock 

gale, weasel 

gemin, twins 

genu (ic), knee, bent 

gerff?, shield 

gladiy sword 

glen, socket 

glia, glue 

glom (usy er), ball of yarn 

slossytongue 

glottiy tongue; as a part making a no 
transferred to opening to trachea 

glutcBy rump 

glypt, carved, engraved 

gw!^begetting, seed, sperm, reproductive 
organ 
gum, angle 

gubentac, that which governs 
gymn, naked 
gyw, woman 

g3ir, turning convolution 

haem, blood 

haben, restraining band 

hamat, hook 

kallu (*. ois), great toe 
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simple 

helminths worm 

kd0s wart4Us:e outgrow tli 

kemis lialf 

kep&r {kepai)s liver , , 
kepii seven 

different • 

■AeXfSlx' 

4»1af», ;eje of bean , 

Mpp&s^hmx 

Mppocamp'USs fabulous sea beast / 
iiulo, entire, complete, standing alone 
man or simSar 
, hfmiy iat 

tliat wMcb excite^^ 
hyalf ,g!ass4ike 
, water 

, %ajd[J.$haped, 

over, -above ■■ 
beneatii. 

khthy^ fish 
iieims twisted 
'flank , : 

impar^ unpaired, unequal 
%nci$s cutting in 
idaj like 

incu (s, udi)s anvil 
ingluvieSf crop 
inguifis groin 

innominate^ without a name 
■' between . ■ 
intimas innermost 
intra, inside 

tolas diminutive 

inlrmSs contained within 

iri ( 5 , id), Goddess of the rainbow 

Ischia, Mp 

iso, equal 

ikr, passage 

Ban, column 

hbijlips 

labyrinth, tortuous passage 
hcer, tom 
iacrim, tears 
lad, milk 

lacuna, space, void 
lagena, flask 
lamella, leaf, layer 
Umm, skin, husk 


Ims, lentil, bean 
scale, 

Upto, slender 
hue, white 
legator, Mlti 
■ lingua, tongue 
iUh, stone 
fog,, discourse 

bunch, bundle 
'lumen, cs^vity , , 
lima, moon 
hi tea, yellow 
lymph, clear water 

lyssa, rabies, a vesicle supposed to foim 
beneath the tongue in hydrophobia 

macro, great, large 
macula, spot 
large 

mapor, larger 
mala, cheek 

malleus, hammer, mallet 
mamma, breast 
mandih, lower jaw 
manu, hand 
marsupi, pouch, purse 
masseter, a chewer 
mast, nipple 
mat {e) r, mother 
maxill, jaw 
maxim, greatest 
meatus, passage 
med, middle 
medull, marrow 
mela, black 

menin {x, g), membrane 

mem, moon 

mer (os), part 

mesarai, middle-thin 

mesenter (supporting) the mid intestine 

mesa, middle 

meta, after . 

min (or, us), smaller 

minim, least 

mirdbile, wonderful 

miss ( 0 , u), sent 

mii(e)r, turban, bishop^s mitre 

mixi, mingle 

mala, mill 

moll, soft 

monil, string of beads 
monima, fixed 
mono, single 
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form , 

OSS, bone 

motor, that which moves ' 

. ossicid, little bone 

multi, many 

ost, bone 

myel, marrow . 

osti, mouth ■ 

mill 

ostrac, shell 

myo, muscle, or to close 

ortho, straight 

mys , , muscle, - sucker 

ot (i, 0), ear 

myx, mucous 
myz, sucker 

aa (ar, urn), egg 

mr, nose 
nas, nose ^ 

dead body 
nect, swimming ^ 
mo, new, recent 
kidney 
neuf, nerve 
nictUat, winking 
mn, not 
noth, spurious 
mio, back 

nuch, neck, back of neck 
nude, little nut 

pal^B, ancient 
pain, mantle 
pannicul, Ettle doth 
para, beside, near 
parie, wail 
parot, beside the ear 
patella, small dish 
parv, small 
pecten {pectin), comb 
pect {us, or), breast 
ped, foot 

peduncl, little foot 
pellucid, shining through 
pene, almost 

obtect, concealed 

pente, five 

obturat, dos^A 

peri, around 

occip, back part of head 

perine, region around anus 

oct, eight 

perenni, through the year, permanent 

odac {odax), biting 

petf, rock 

oid, like 

phaeo, dark, dusky 

odont,tooik 

phalan {g, x), close formation of figlitini 

oesopk, gullet 

men 

aw, skull of elbow 

pher, bear, carry 

olfact, smelling 

loving 

oliva, olive 

phor, to bear or carry 

omasu, paunch 

phot, light 

oment, fat skin 

phragm, fence, partition 

omm, eye 

phren, diaphragm, mind 

omo, shoulder 

phyljtnbo 

omphalo, navel 

phyll, leaf 

onto, being 

phyo, to produce 

00 (n), egg 

bladder 

ophi, snake 

nature 

ophthalm, eye 

plant 

opercul, little cover 

pious 

opoter, either 

pil, hair 

ops, vision, eye 

pinea, pine cone 

opt, vision, eye 

pinna, feather 

orU, circle 

pir, pear 

orch, testicle 

pis {i, u), pea 

af (a/, iV), mouth 

Pituit, secretion of mucus 

ornitk, bird 

plac, plate tablet 

os, mouth 

plagio, oblique 
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fiatj plane, smooth 
plan! (ttf, sole of foot 
piasMi forming, formed 
phty^ fiat, broad 
pkc (#, /), twist, pluck 
plesm, near 
pkik, full, crowded 
pkuTj side 
pieX) interwoven 
plkaj fold 

phi fitted lor sailing 
plum (a), feather 

pneu {mOf sl'j^ air, breatMngj hence lung 
pm (i)y air, breathing 
pody foot 
poly^ many 

.poll («,.«), thumb , . 
pons^ bridge 
p&piii («), hock 
porhf gat© 
pasij behind, after 
pr^i before 
prifUi first 

pr&f in front, toward, Instead of 
process^ to project from 
proci anus 
projundj deep 
proliger^ bearing ofispring 
forward 

pfoslate^ in first rank 
proht first 

pscdleff book of psalms 
pseudf false 
pter^ wing, feather, fin 
ptyai spittle 

pubi {cj s)j grown up, sexually mature 
pulmOf lung 
pyg, rump 
pyl, gate 
pyo, pus 
pyr, pear 

qmdj four 

qu<dngemin, quadruplets 
quai four 
qu%i4^ five 



rm, kidney 

reptf creeping 

retiCj network 

retina, little net 

retro, back, backward, behind 

re^ehentes, carrying back 

rhabd, rod 

rhage, tear, rent 

fte/z, spine 

rkin,nosQ 

rhiz, root 

rhynck, snout 

rode, gnaw rs 

rota, turn, wheel 
rostrum, beak, prow 
rumen, throat 

saccul, little sac 
sacr (al, um) sacred 
sarc, flesh 
saur, lizard 

scala, ladder, stairway 
scalene, uneven 

scaph, anything hollow, bowl, ship 

scapula, shoulder blade 

schizo, cleft, split 

sciat, hip 

scler, hard 

scop, shadow, broom, small owl, one who 

sees ’I 

scut, shield 
scypk, cup 
seba, tallow, wax 
sect, cutting 
selen, moon 
sella, seat, saddle 
half, part 
sept, seven, wall 

ser (o, u), any fluid formed in the bodv 
serra, saw 
sex, six 

sinus, hollow, bay 
sipho, tube 
skier, hard 
sol, sun 
soma, body 
sperm, seed, semen 
sphen, wedge 
spUnct, closing 
splanch, viscera 
splen, bandage, spleen 
vertebra 
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squamj scale 

constriction 
stapeSf stirrup 
'Standing'' 
stegj covering , 
stellj star 

narrow ' „ 
stereo^ solid 
steruj breastbone ■ 
mouth ■ 
spread, layer ■ 
sirepi, turned, twisted ■ 
siring marked with' furrows 
stro pkytnmmg 
column 

subj under, below 
sulcj furrow 
(e) f, above 
suhir, seam 
syfif together 
syrin (g, ir), pipe 

tactf touch 

tcenia^ band or ribbon 
talus f ankle 
tapetum, carpet 
tars (uSf al)f ankle 
tect, covered 
tegmeUf covering 
iela, web 

teleo, complete, perfect 
tekj far, end 
iemnOf cut 
ienaculy holding 
tentor, spread like a tent 
teresj round, cylindrical 
terti, third 
tetraj four 

thalam^ chamber, bed 
theca^ case 
tkel, teat, nipple 
thely, female 
thero^ beast, mammal 
thym^ thyme 
thyreo^ large shield 
tomi cut, section 
torpe^ numb 
trahj beam 
trabecula little beam 
trachyf rough 
trapez, four sided, table 


trema, hole 

trii three, thrice 

tfichi hair 

iroch, wheel, pulley 

trochanter, ^ mnmt 

troph, food 

trop, turning 

tunic, body garment 

turb, a thing which spins a top 

turcic, Turkish 

tylOj pad, cushion 

tympan, drum 

ulo, woolly 
ulna, elbow 
ultra, beyond 
umbilic, navel 
hook 

ungui, nad, cla.w 
ungul, hoof, claw, talon 
uni, one, single 
ure, urine 
uro, urine, tail 
utricl, little skin bag 
uv (e) a, grapes 

vagina, sheath 

vagus, wandering 

VOS, vessel 

vascul, little vessel 

vent {e) r,belly 

ven, vein 

vel {a, um), veil 

verm, worm 

vesic, blister, bladder 

villj shaggy hair; later, velvet 

vise (yiscus, viscera), organs of body cavity 

vita, life 

vitell, yolk 

vitr, glassy 

vomer, ploughshare 

vora, devour 

xen, stranger, different 
xiphi, sword 

ypsil, U or Y shaped 

zon, girdle 
zo (a, o), animal 
svff. voke 




INDEX 


A 

Abdoininai, pores, 19 
, : ribs, 46 ; 

veins, 304, 326 
' ; vertebrse, 55 
Abducens nerve, 194 
Abomasum, 242 
Accessory nerve, 200 
Acetabular bone, 123 
Acetabulum, 113, 120 
Acinous glands, 23 
Acrodont, 98, 23S 
Acromion process, 120 
ActinotricMa, 112, 1 14 
Acustic nerve, 198 
Acustico-lateralis nerves, 189 
Adductor muscles, 134? i 43 :j i 43 
Adipose tissue, 26 
Adrenal organs, 370 
Advehent veins, 328 
iEgitiiognathous, 108 
Afferent branchial artery, 313 
nerves, 182 
Air bladder, 278 
ducts, 282 
pipes, 293 
sacs, 295 
Ala orbitaiis, 108 

temporalis, 6q, 108 
Alary process, 108 
zone, 154 

Alimentary canal, 230 
development, 13 
Alisphenoid, 75 
Allantoic bladder, 361 

circulation, 317, 323, 329 
Allantois, 298, 397 
Alveolar duct, 289 
Alveoli of lungs, 289 
of teeth, 238 
Amnion, 397 
Amniota, 6 


Amphiarthrosis, 42 
Amphibia, 5 
brain, 1 75 
circulation, 332 
dermal skeleton, 45 
gill-clefts, 2 68 
gills, 268 
girdles, 118, 121 
intestine, 255 
larynx, 282 
legs, 129 
lungs, 290 
lymph system, 346 
skin, 33 
skulls; 90 
sternum, 65 
tongue, 242 
urogenital organs, 380 
vertebrae, 53, 58 
Amphicoelous, 49 
Amphioxus, 2 
Amphiplatyan, 50 
Amphistyiic skull, 80 
Ampullae of ear, 208 
of Lorenzini, 206 
of Savi, 206 
Anal fins, 113 
Anamnia, $ 

Angle gland, 247 
Angulare, 79 
Ankle, 127 
Ankylosis, 42 
Anlage, viii 
Antebrachium, 127 
Anterior cardinal vein, 323 
commissure, 167 
fissure, 150 
peduncle, 160 
Antlers, in 

Antrum of Highmore, 222 
Anura, 6 
Aorta, 31 1 

parts of, 316 




IHBEX 


:Aortic>ircbes,,:303,;;3i2' ■ ■ 

./Axon, '24 

Appendages,; 'ii 2.' 

Azygos appendages, 1x2 

.freei'i2S ■' 

vein, 341 

paired, 114 

,.A;pf}endicii!ar'miiscles, 1.40 , 
skeleton, 112 ' ■ 

.Appendix' ver'iniformis, 258 ■ 

■' B' 

Backbone, 48 

..■'Apteria,: ',35 . 

Balancers, 269 

Aqueduct, 157'' 

Balanoglossus, 2 

Aq^'iieous ;hiimo,r, ^ 2 s.y ; ' ' ^ 

Baleen, 242 

' .AiaclinoM me'mbrane, 171 ' 

Barbs, 35 

-^Aibor \dfcie, iSi 

Barbules, 35 

''A'rcadeS'Of skull, 78; , 

Basal bone, 92 

, Arcli of. aorta, 3I<5 

'Zone, 154 

■..■A,rclieiiteron,: 10 

Basalia, 113 

■ ArcMcoele, 9 , 

Basibranchial, 73 

A.rcM.nep,liric, duct, 353 ■ 

Basilar artery, 318 

Archlp,allfum,:.i68 .. 

process, 109 

■ ArcMpteryg'lum,. r 2;6 

Basioccipital, 75 

Arclilpteryglal theory, 125 

Basipodium, 128 

' Areolar": tissue, 27 , 

Basisphenoid, 75 

Arterial ring, 318 

Basitemporal plate, 106 

trunk, 303, 309 

Bell's law, 183 

Arteries, 300 

Bicuspids, 239 

Arthrodira, 7 

organ, 3 70 

Articular bone, 79 

Bile, 260 

process, 49 

duct, 260 

Articulations of skeleton, 42 

Birds, brains, 177 

Arytenoid cartilage, 282 

circulation, 339 

Asterospondylous, 58 

eyes, 229 

Astragalus, 128 

feathers, 35 

Atlas, 56 

gills, 272 

Atrial chamber of gills, 267 

girdles, 119, 124 

Atrio- ventricular canal, 308 

intestine, 2 $6 

Atrium of heart, 303, 308 

limbs, 130 

of lungs, 291 

lungs, 292 

of nose, 218 

lymph system, 347 

Auditory bulla, no 

skin, 34 

meatus, 212 

skulls, 104 

nerve, 198 

sternum, 65 

organs, 206 

stomach, 251 

tube, 21 1 

syrinx, 286 

vesicle, 207 

tongue, 243 

Auricle of heart, 308 

trachea, 286 



of medulla, 159 
Aurkular nerve, 198 
Autostylic jaws, 80 
Aves,6 

■ Axial artery, 319 \ 

' skeleton, 4$ 

^ vein, 327 

: . Axis, 56 _ ,, 

; cylinder, 24 -■ 


urogenital organs, 381 
vertebras, 58 
iBiseriai JSns, 126 
Bladder, air, 278 
allantoic, 361 
swim, 27S 
urinary, 361, 3S8 
Blastomeres, 9 
Blastopore, 10 


:! I'M- : V , . . , 


V y 
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Bkstulaj.g,,; , 

; Blind'' spot, ;',2 24 : 

Blood, 28, 299 
.Blood-vascukr system, 300 
'Body cavity, II,, 17', 18' '* , 

Bone, 27 

cartilage, 47 
membrane, 47 
Botali’s. .duct, 3.15 ' 

Bbwman*fi capsule, 350 ' 
gland, 222 
Braciiial artery, 319 
, .plexus, 183 ■' 
vein, 327 ' 

BracMocephalic artery, 338 
BracHum, 127 

conjunctivum, 160 
pontis, 160 
Brain, 153 

flexures of, 158 
lobes of, 179 
stem, 138 
ventricles of, 157 
zones of, 154 
Branchiae, 264 
Branchial arches, 70, 72 
arteries, 313 
clefts, 263 
duct, 266 
heart, 309 
rays, 85 
vein, 313, 327 

Branchio-intestinal nerve, 199 
Branchiomerism, 264, 267 
Branchiostegal membrane, 86, 267 
rays, 86, 267 
Breastbone, 64 
Breathing valves, 271 
Bronchi, 282, 288 
Bronchiole, 2S9 
Bronchus of cyclostomes, 266 
Buccal gland, 247 
nerve, 197 

Bulbus arteriosus, 309 
ocuii, 227 
Bursa entiana, 253 
Fabricii, 256 
inguinalis, 390 
omentaiis, 18 

C 

Caeca, pyloric, 253 
Caeciiians, 6 


Calcaneus, 128 
Campanula Halleri, 229 
Canine teeth, 23S 
Capillaries, 300 
Carapace, 45 
Cardiac ganglion, 196 
glands, 250 
Cardinal veins, 323 
Carnivores, 7 
Carotid arteries, 304, 313 
glands, 276, 333 
Carpale, 128 
Carpus, 127 
Cartilage, 27 
bone, 47, 74 
bones of skull, 75 
skeleton, 47 
skull, 68 

Cauda equina, 153 
Caudal artery, 318 
vein, 304, 321 
vertebrae, 55 
Cement of tooth, 235 
Central nervous system, 149 
Centrale, 128 
Cephalic duct, 344 
vein, 327 

Ceratobranchial, 73 
Ceratohyal, 74 
Cerebellar hemispheres, 160 
Cerebellum, 156, 159 
peduncles of, 159 
Cerebral cortex, 165 
fissures, 166 
hemispheres, 155, 165 
peduncle, 156, 159 
Cerebrospinal fluid, 171 
tracts, 168 

Cervical ganglion, 186 
plexus, 183 
sinus, 273 
vertebrae, 55 

Cervico-brancMal plexus, 183 

Cetacea, 7 

Chain ganglia, 185 

Chambers of eye, 227 

Chelonia, 7 

Chiasma, 192 

Chiroptera, 7 

Choana, 217 

Choledochal duct, 260 

Chondrocranium, 68 



Chorda tendinis, 309 ' 

V'' ■;tympa.iiirv^ 

'Ciiordataj '2, 

Cliorioid ^ coat of ' eye,.: 226 ■ 
.'fissure j '■ 22 $.:: 

.V,,' ;,.glaDdy,226:' ", 

■■plexus, '157', 164 
;Ghorioi2,';3p''7' 

Irondosum, 402 ' 
'■.Chro'maflme ceils, 371 
•Cliromapiiile cells, 37'i . 
Ciirouiatopliores, 30 
' 'Cii'y.Ie, .'■34'6' 

Ciliary artery, 226 
ganglion, 194, 196 
muscles, 226 
process, '226 ■■■■ 

.Gircle.O'f ;Willis','3r8' . 
Circulation, festal, 329 
on yolk, 322 
Circulatory organs, 298 
Circumvallate papillae, 213 
Cistern of chyle, 344 
Ciaspers, 33, 126, 375 
Clavicles, 116 
Claws, 30 
Cleavage of egg, 9 
Cleft palate, 217 
Clei thrum, 116 
Clitoris, 384 
::'G!oaca, ■■2'S4 ' ■ 

Cloacal glands, 384 
Coccyx, 58 
Cochlea, 210 
Cochlear duct, 210 
neive, 210 
Coeliac artery, 316 
axis, 316 
Coelom, II 
Coeiomic cavities, 16 
Collecting tubule, 351 
Collector nerves, 185 
Colon, 254 
Columella, 81 
Column £e carnea, 309 
Columns of cord, 151 
Commissure, Jacobson^s, 186 
Commissures, 160, 167 
Conarium, i8x 
Conchas of nose, 218 

Conjunctiva, 227 


Conus arteriosus, 309 
Convoluted tubules, 351 

Coproiites, 256 
Copuiae, 70, 73 
Copulatory organs, 369 
Coraco-arcual muscles, 142 
Coracoid, 117 
fenestra, 117 
process, 120 
region, 116 
Corium, 29 
Cornea, 227 
Cornu ammonis, 179 
Cornua of spinal cord, 151 
trabeculae, 69 
Corona radiata, 179 
Coronary artery, 31 1 
vein, 341 

Coronoid bone, 79 
Corpora bigemina, 156 

quadrigemina, 153, 156 
Corpus adiposum, 349 
callosum, 167 
luteum, 363 
restiforme, 159 
striatum, 155, 165 
Corpusculum bulboideum, 203 
Corti, organ of, 210 
Costa, 62 

Cotyledons of placenta, 401 
Cotyloid bone, 124 
Cowper’s gland, 393 
Cranial nerves, 187 
rib, 90 
Cranium, 68 

platybasic, 69 
tropibasic, 69 
Cremaster muscle, 390 
Cribiform plate, 76, no 
Cricoid cartilage, 282 
Crista galli, 1x0 
Cristae acusticje, 209 
Crop, 248 

Crura cerebri, 156, 159 
Crus, X27 
Ctenoid scales, 44 
Cuboides, 128 
Cuneiform bone, 12S 
Cutaneous artery, 320 
magnus, vein, 327 
nerves, 190 
Cutis, 29 



Cuveriaii' ducts, iS,' 304,^ 323 
Cycloid .scales, 44 ' 
Cyclospondylous, '58,, 
Cyclostomata, 4 . , 
Cyclostomes,: brain, 171 . 
circulation, 331 
" ' ears, 208 
gills, 265 
. 'moutli,,: 23 2 ' , 

olfactory organs, 215 : 
skull, 83 
teetli, 241 
thymus, 274 
thyreoid, 277 
urogenital organs, 372 
vertebrae, 57 

Cylindrical corpuscle, 203 
Cystic duct, 260 

: B. 

Decidua, 402 
Demibrancii, 264 
Dendrites, 24 
Dens, 56 

Dental formula, 239 
papilla, 234 
ridge, 235 
shelf, 235 
Dentale, 79 
Dentate nucleus, 160 
Dentine, 28, 43, 234 
Dentitions, 236 
Depressor mandibula?, 144 
muscles, 134, 141 
Derma, 29 
Dermal bones, 74 
ethmoid bone, 88 
muscles, 145 
skeleton, 42, 43 
Dermarticulare, 79 
Dermoccipital bone, 77 
Deutoplasm, 9 
Diaphragm, 18, 146, 297 
Diapophysis, 49 
Diarthrosis, 42 
Diastole, 308 
Diencephalon, 155, 160 
Digastric muscle, 144 
Digestive organs, 229 

tract, development, 13 
muscles of, 132 


Digital gland, 254 
Digits, 127 
Dilator muscles, 134 
papillae, 227 
Dinosaurs, 6 
Diphycercal, 56 
Dipiospondyly, 53 
Dipnoi, 5 

Discusproligerus, 363 
.Dorsal aorta, 303 
fins, 1 13 
septum, 151 
Ductless glands, 23 
Ductus Aran tii, 322 
arteriosus, 315 
Botalli, 315 
Cuvierii, 18, 304 
venosus, 322 
Dumb-bell bone, 77, in 
Duodeno-hepatic omentum, 18 
Duodenum, 252 
Dura mater, 1 71 
spinalis, 171 

E 

Ear bones, 80, 212 
stones, 209 
Ears, 206 
Ectethmoid, 75 
cartilage, 69 
Ectocbondrostosis, 47 
Ectoderm, 10 
Ectopterygoid, 88, 96 
Ecto-turbinals, 220 
Edentata, 7 

Efferent branchial artery, 313 
Efferent nerves, 182 
Egg, 9 

teeth, 242 

Ejaculatory duct, 393 
Elasmobranchii, 5 
Electrical organs, 146 
Electroplax, 147 
Elevator muscles, 134 
Embryo, circulation, 329 
nutrition of, 396 
respiration, 396 
Embryonic tissue, 26 
Enamel, 44, 235 
organ, 43. 234 
End organs, 202 


Endocardiiini, 305 

.■'■:diict3'::'207:'',' 

:;E!icIor:liac,iiiS|' 170 
;;EadoskeIetofi, ,:47," 

Enslform process^ 64 
Entepicoadylar forameiij 130 
Enterocoeie, ti 
Enteropneiista, 2 
Entochondrostosis, 47 
Entoderm, 10 

-■Eatoglossa! bone, S8, 107, 243 
Entoplastron, 46 
';Entopterygoid, SS 
Entotorbinals, 220 , 

/Entovaria! 'canal, 369 
Epaxial muscles, 135'. 
Ependyma, 15 1 
Epibranchial, 73 
ganglion, 199 
;:musGleSrX4i 
Epicardium, 19, 305 
EpkoeIe,''' 3 r 5 , 7 ' „ 

Epicoracoid, 117 
Epidermal teeth, 241 
Epidermis, 29 
Epididymis, 365 
Epigastric artery, 319 

Epiglottis, 285 
.Bplhyal, 74v.''''': 

Epimere, 14 
Epineurais, 62 
Epiotic bone, 76 
Epipharyngeal bones, 88 
Epiphyses, 47 
Epiphysial organs, 155, 161 
Epiphysis, 162 
Epiplastron, 46, 1x7 
Epipleurals, 62 
Epipterygoid bone, 91, 96 
....process,. 93, . . 

Epipubic pocess, 122 
Epipubis, X20 
Episternum, 67 
Epistropheus, sd 
Epithalamus, 156, x6i 
Epithelial bodies, 275 
Epitheliomorph layer, 51 

■^Epithelram, '^2X ' ' 

:Epitrichium,: .2:9':"":..; ■ 
'ErythTocytes, 299 ■ ' 


INDEX 


Ethmoid bone, 7 ^ 
dermal, 88 
plate, 69 
Ethmoidalia, 75 
Ethmoturbinals, 220 
Eustachian tube, 21 1 
Excretory organs, 350 
Exoccipital, 75 
Extensor muscles, 134? 

External mandibular nerve, 197 
Extrabranchial cartilages, 74 
Extrinsic muscles, 141 
Eye muscles, 139 
Eye-muscle nerves, 194 
Eyes, 222 


Fabeilae, 129 
Facial muscles, 145 
Falciform process, 229 
Fallopian tube, 390 
False amnion, 397 
Falx cerebri, 171 
Fascia, 134 
Fasciculi, 134 
Fat, 26 

body, 349 
Feather tracts, 35 
Feathers, 34 
Femoral artery, 319 
pores, 34 
vein, 327 
Femur, 127 

Fenestra hypophyseos, 69 
ischio-pubic, 120 
ovale, 80, 210 
rotunda, 210 
tympani, 2x0 
vestibuli, 80, 210 
Fibrous tissue, 26 
Fibula, X27 
Fibulare, X28 
Fifth ventricle, 167 
Filoplumes, 35 
Filum terminaie, 133 
Fins, XI 2 

Fishes, appendages, 12$ 
brain, 172 
circulation, 331 
dermal skeleton, 43 
electrical organs, 146 
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Fishes, eyes, 229 
giiis, 266 
girdles, 116, 121 
intestine, '254. , 
lateral line organs, 203 
lymph system, 346 
median fins, 113 
ribs, 60 
. ■ scales, 44 ^ 
skin, 31 
skull, 84 
stomach, 250 
swim bladder, 278 
teeth, 237 
tongue, 242 
urogenital organs, 373 
vertebra?, 58 
Fissure, cerebral, 166 
of Sylvius, 166 
orbital, 69, 75 
petrotympanic, 82 
sphenoidal, 75 
Fissures of cord, 151 
Flexor muscles, 134, 141 
Flexures of brain, 158 
Flocculus, 159, 177 
Floor plate, 150 
Foetal circulation, 329 
envelopes, 396 
Folian process, 82 
Fontanelles, 69 
Food yolk, 9 

Foramen caecum, 244, 2 78 
entepicondylar, 13 1 
epiploicum, 18 
incisivum, in 
interventricular, 155 
lacerum anterior, 69, 75 
magnum, 75 
obturator, 120 
of Monro, 155 
of Winslow, 18 
Panizzae, 310, 338 
parietal, 77 
sphenopalatine, 221 
supracondylar, 13 1 
Fore brain, 154 
Fossa hypophyseos, 69 
rhomboidalia, 157 
Fossae of skull, 78 
Fovea centralis, 224 
Free appendages, 123 


Free .nerve ends,' 202 
Frontal bones, 77 
lobe, 166 
organ, 163 
sinus, 221 

Fronto-parietals, 95 
Fundus glands, 250 
Funiculi of cord, 152 
Furcula, 119 

■■ G 

Gall bladder, 260 
capillaries, 259 
Ganglion cells, 23 
Ganoid scales, 44 
Ganoidea, s 

Gasserian ganglion, 195 
Gastralia, 45, 46 
Gastric artery, 316 
glands, 250 

Gastrohepatic omentum, 17 
Gastrosplenic omentum, 18 
Gastrula, 10 
Gastrulation, 10 
General cutaneous nerves, 190 
Geniculate ganglion, 197 
Geniohyoid muscle, 141 
Genital artery, 320 

fold, 395 

prominence, 384 
ridge, 362, 395 
Germ layers, ii 
Gill arches, 70 
clefts, 263 
cover, 267 
remnants, 275 
Gills, 264 
Girdles, 115 
Gizzard, 251 
Gladiolus, 64 
Glands, 23 
Glaserian fissure, 82 
Glenoid, fossa, no 
Glia, 151 

cells, 23, 75 

Glomeruli of olkctory nerve, 192 
Glomerulus of kidney, 350 
Glomus, 354 

Glossopharyngeal nerve, 198 
Glottis, 282 
Gluteal artery, 319 


y' GM fells: muscle,'' ■, 
v:Gaatli.os£Q'mata, 4' : / 
"Gcmads, 349 V 
'■'■G'oniak, 79' ■ ■' 

:,'GoBotome736'2 ■ 

■'7Cyraatla'B 'foilicle, 363 
'::' Gfaiiflrj-s,co'rpiiscie, 203 
Graj.''''' matter, ; 25, x'5'1 , 

Giibem':ac:iiiu':m,,,3,S9' ■■■■'■ 

Giilar bones, .Sf5;' 

: Gyiiiriop.hiona,t); 

'■■■ Gj'ii' of''braiii, i'66', 

' H", ' 

..Habenula, 151 
Habenular commlssurej 161 
Haemal arch,' 49 ' 

/..rib, '6.1 ' 
spine, 49 

Hismapophyses, 49 
Hsmogiobin, 299 
Hagmolymph glands, 349 
.".Hagfisli, 4 , 

Hair, 37 
■ Hallux,' 12.S' 

Hamatum, 128 
Harder’s glands, 22S 
Hare lip, 2x7 
Haversian canals, 27 
"..Head.' kidney, 35'2'^ . 

Heart, 303, 305 
muscle, 26 

Hemiazygos vein, 341 
Hemipenes, 384 
Hemispheres of brain, 155 
Henle’s loop, 351 
Hepar, 259 
Hepatic artery, 316 
duct, 260 
portal system, 322 
sinus, 332 

:::::t/';/':.'yeln,;'329''.'''/^^ :,/.;;v::: 

Herbst^s corpuscle, 203 
Hermapliroditism, 369 
Heterocercal, 57 
Hibernating glands, 349 
Hind-brain, 154 
Hippocampal commissure, 167 
cortex, 167 
Hippocampus, 167 


liistoiogy, 21 
Holocepliali, 5 
Holonephros, 352 
Homocercal, 57 
Hoofs, 31 
Hormones, 23? 3 7^ 

Horns, III 
Humerus, 127 
Hyaie, 73 

Hyaloid artery, 225 
Hyoid arch, 70 
nerve, 197 
Hyomandibula, So 
Hyomandibuiar cartilage, 73 
Hyoplastron, 46 
Hyostylic jaws, 80 
Hypaxial muscles, 135 
Hyperoartia, 4 
H3rperotretia, 4 
Hypobranchial, 73 
muscles, 141 
Kypocentrum, 53 
Hypogastric artery, 304, 316 
ganglion, 186 
Hypoglossal muscles, 142 
nerve, 201 
Hypohyai, 74 
Hypoiscbium, 120 
Hypomere, 14 
Hypopharyngeal bones, 88 
Hypophysial duct, 231 
Hypophysis, 164 
H3^oplastron, 46 
H3^othalamus, 156, 1 61 
Hypurals, 57 

I 

Ichthyopsida, 5 
Ichthyosaurs, 6 
Ileo-coHc valve, 254 

-costaiis muscle, 137 
Ileum, 254 
Iliac artery, 304, 320 
region, 115 
vein, 304, 325 
Iliocsecal valve, 254 
Ilium, 120 

Incisive foramen, III 
Incisors, 238 
Incus, 82 



Inferior jugular veisy 323 

■ ' oblique .muscle, 139, . 

■ , turbinal, no' ' 
vena cava, 327 

Infracleithrum,: 117 
Infratemporal fossa, 79 
Infundibulum of brain, 154, 164 
. of lungs, 289 
Ingluvies, 248: ... 

Inner ear, 20.7" 

Innominate :.veiu, 34.1 
Insectivores, 7 . 

Insula, 166 . 

Integument, 29 
Interbranchial septum, 264 
Intercalaria, 55 
Intercentrum, 53 
Interclavicle, 67 
Intercostal arteries, 304, 318 
muscles, 13S 
Interhyal bone, 88 
Intermaxillary gland, 246 
Intermedium, 128 
Internal carotid, 291, 304 
naris, 217 

Internasal gland, 246 
Interoperculum, 86 
Interorbital septum, 69 
Interparietal bone, 77 
Interrenal organs, 370 
veins, 3 28 

Interstitial cells of testis, 393 
Intertemporal bone, 77 
bones, 109 
Intertrabecula, 105 
Interventricular foramina, 155 
Intestinal caeca, 257 
nerve, 199 
Intestine, 252 

Intima of blood-v^essels, 300 
Intratarsal joint, 129 
Intrinsic muscles, 14 1 
Invagination, 10 
Inverted eye, 225 
Involuntary muscle, 25 
Iris, 227 

Ischiadic artery, 319 
vein, 327 

Ischio-pubic fenestra, 120 
region, 116 
Ischium, 120 
Island of Riel, 166, 179 


INDEX - 

Isthmus of. brain, 149, 1.56 
of fauces, 278 
of gill region, 267 
Iter, 157 

J 

Jacobson organ of, 214, 221 
Jacobson’s commissure, 186 
glands, 217 

Jaws, suspension of, 80 
Jejunum, 254 
Jugal bone, 78 
Jugular ganglion, 199 
vein, 304, 323 

K 

Kidneys, 360 

structure of, 387 
Knee pan, 129 
Krausse’s corpuscle, 203 

L 

Labial cartilages, 74 
glands, 246 

Labyrinth of ear, 199, 209 
Lacrimal bone, 77 
ducts, 228 
glands, 228 
Lacteals, 346 
Lagena, 208 
Lamina terminalis, 154 
Lampreys, 4 
Lanugo, 37 
Laryngeal nerves, 200 
Larynx, 282 

Lateral abdominal vein, 304 
line organs, 203 
plate zone, 14 
ventricles, 155 
Lateralis ganglion, ,199 
nerves, 189, 199 
Latissimus dorsi, 137, 14 1 
Lens, 223 
Leptocardii, 2 
Leucocytes, 300 
Levator muscles, 141 " 
scapulae, 141 
Leydig’s duct, 357 
Ligaments of ovary, 389 



Llgameritum mediiiai pelds^ 122 
terns f 326 

sulcus, 154 ,, 

Lingual gland, 247 
nerve, 1S7, 196 
"■Liver, ',259' ,' '■ 

Lobes of brain, 166 
■Longissimiis capitis muscle, 13.7. 

dorsi muscles, 137 
Lorenziiii^s ampul!®, ■'206' 
Lumbar artery, 3 iS ■ ' 
piexus, 1S3 
vertebr®, 55 

Lumbo'-sacral plesus,. .183. 
Lumino-us wgans,' 31 
Lisiiatum, 128' ■' 

;XungS,.^ 28 ty 2$S' y 
Lutein cells, 363 
L.?iapli, 299 
follicles, 347 
glands, 347 
hearts, 343 ■■ 

V"'i;.;.yv^^sacs,:^ 

Lymphatic system, 342 
Lymphocytes, 300 
.^Lyssa,; 244; 

Macula iutea, 224 
Macul® acustic®, 209 
Malar bone, 78 
Male ducts, 364, 392 
Malleus, 82 

Malpighian corpuscle, 350 
layer, 29 

Mamillary bodies, 161 
recess, 155 
Mamm®, 40 
Mammalia, 8 
Mammals, brain, 178 
circulation, 340 
dermal skeleton, 46 
diaphragm, 146 

'■ giMeftS, 272 , 

integument, 37 


Mammals, limbs, i3<2 
lungs, 375» 28S, 296 
lymph system, 347 
oral glands, 247 
ribs, 66 
scales, 38, 47 
skin, 37 
skull, 108 
sternum, 66 
stomach, 251 
teeth, 238 
thymus, 275 
thyreoid, 278 
tongue, 244 
trachea, 287 
urogenital organs, 3S6 
vertebr®, 58 
Mammary glands, 40 
Mandibular arch, 70 
artery, 307 
nerve, 195 

Manubrium mallei, 82 
sterni, 64 
Manus, 127 
Manyplies, 252 
Marrow cavity, 48 
Marsipobranchii, 4 
Marsupial bones, 125 
Marsupials, 7 
Marsupium, 40 
Masseter muscle, 144 
Mastoid process, no 
Maxilla, 78 
Maxillary nerve, 195 
sinus, 222 

Maxilloturbinals, 220 
Meatus, auditory, 212 
Meckelian cartilage, 72 
Median appendages, 112 
Mediastinum, 19 
Medulla oblongata, 156, 158 
Medullary cords, 363 
groove, 12 
plate, 12, 149 

velum, X59 

Meibomian glands, 229 
Meissner^s corpuscle, 203 
Membrane bones, 47, 74 - 
boiies of skull, 77 
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HettingeSs 170 , . , 

Meninx , pr^mitiva5, x 70. , . 
Mento-Meckelian, bone,.. 79 
MerkeFs. corpuscle,:. 203 ' 
M.esencepMon, .136, 160 
Mesenchyme, ii, 20 
Mesenteric arteries, 3x6 
Mesenteries, 16 ' 
MesenteroEir 230 ' 
Mesethmoid,' 75 ^ 
Mesoarium, 363 
Mesocardia, 18, 305 
Mesocoeie, 157 ' 
.Mesocolon, 17 
Mesoderm, 10 
Mesogaster, 17 
Mesohepar, 17 
Mesomere, 14 
Mesonephric ducts, 357 
Mesonephros, 355 
Mesopterygium, 126 
Mesopterygoid, 88 
Mesorchia, 18, 363 
Mesorectum, 17 
Mesosternum, 64 
Mesothelium, 11 
Mesovaria, 363 
Metacarpus, 127 
Metacoele, 16 
of brain, 157 
Metamerism, 13 
Metanephros, 352, 360 
Metapodium, 127 
Metapterygium, 126 
Metapterygoid, 88 
Metasternum, 65 
Metatarsus, 127 
Metencephalon, 149, 156 
Mid"brain, 148, 154, 156 
Middle ear, 21 1 
plate, 14 

Milk dentition, 237 
glands, 40 
Mitral valve, 310 
Mkipfcerygium, 126, 375 
Molar glands, 247 
Monimostyly, 96 
Monotremes, 7 
Monro, foramen of, 153 
sulcus of, 134 
Morphology, i 
Mossy cells, 25 


Motor nerves, 182 
Mouth,.. 23.2 
Mullerian duct, 337 
Multahgulum, 128 
Muscle plate, 14 
Muscles, i3itf 

adductor femoris, 141 
mandibulae, 143 
adductors, 134 
appendicular, 140 
ceratohyoid, 144 
constrictor, 143 
coracoarcuales, 142 
coracobranchial, 142 
coracohyoid, 142 
coracomandibular, 142 
cucularis, 144 
depressor mandibulae, 144 
depressors, 134, 1 41 
dermal, 145 
development, 133 
digastric, 144 
dilator, 134 
elevators, 134 
epaxial, 135 
epibranchial, 141 
extensors, 134, 141 
extrinsic, 141 
eye, 139 
flexors, 134, 141 
genioglossus, 141 
geniohyoid, 141 
gluteus, 141 
hyoglossus, 142 
h37paxial, 133 
h3?pobranchial, 141 
ileocostal, 137 
insertion, 134 
intercostal, 138 
intermaxillary, 143 
intertransversarius, 137 
intrinsic, 141 
involuntary, 132 
latissimus dorsi, 13 7> 141 
levator, 141 
scapulae, 141 
longissimus capitis, 137 
masseter, 144 
mylohyoid, 143 
obliques of trunk, 136 
of eye, 139 
orbiculares, 145 
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Jtfusdes, origin, 134 
; ^ .■4‘)aBMculiiS''carii:osu^^^ 

2 parietal,, 133 ■ • 

4 :'';,'p:ectmeiis,'i 4 i 
pectoialis,' i'44/.' '• 

'lirllormiSj, 1.41 
; "■ plstysni'a • myoides, 145"' ' 

protfacto:r,vi4.i;'' ■ 
psoas; i'3"8 
.■■■;pterygoicl';i44 
' v;43ubof emorallspi 4 1 
■ P3?ra:oiMa!ls, 138' ■, 

. qiiadratus lumboraiB:, ijS 
rectus abdominis, ,, 13S 
capitis, 137 :- 
of eye,. 139 
■of truafcii^rsb 
' retractors, 141 
.scalene, 138 
.serratns, 138, 14 1 , 

' smooth, 13:2 , 
spM'.'iicter,;.x34 
■colli, ,144'. : 

sternocleidomastoid, 141, ^44 
ste.mohyoid,. 142 , ■ ' . 

striped, 132 
temporalis, 142 
thyreohyoid, 142 
transversospinales, 137 
trans versus, 144 
trapezius, 144 
visceral, 142 
voluntary, 132 
,. :.Muscu.Iar ■system, . :i3i': ■■■ 
tissue, 25 

Musculus papiiiosus, 309 
Musk glands, 34? 384 
Myeiencephalon, 150 
Myelin, 24 

.Mylohyoid, muscle, 1.43 

Myocardium, 303 
Myocoele, 14? ^33 ■- 

Myocommata, 135 
Myofibriilas, 25 
Myomeres, 134 
Myosepta, 42, 49, 135 
Myotomes, 14, 135 
Myxinoidei, 4 

N 

Nalls, 31 . 

Hares, 214 
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,■ . .Naro-h5?pophysial ;diict2'2r5 
.Nasal bones, ■ 77 ■■• ■'.'■ 
capsules, 
glands, 222 

Naso-hypophysial canal, 63 
Naso-pharyngeal duct, 218 
Naso-turbinais, 220 
Navel cord, 399 
Naviculare, 12S 
Neopallium, 168, 17S 
Nephridia, 350 
Nephridial arteries, 320 
tubules, 350 
Nephrocoeles, 16 
Nephrostomes, 16, 350 

Neplirotomes, 16, 352 

Nerve cells, 23 

components, I S3 
-end apparatus, 202 
hillocks, 189 
of Weber, 214 
plexus, 183 
roots, 182 

Nerves, collector, 185 
cranial, 187 
cutaneous, 189 
lateralis, 189 
motor, 182 
sensory, 182 
somatic, 183 
spinal, 1 81 
sympathetic, 185 
visceral, 183 
Nervous system, 148 
central, 149 
envelopes of, 170 
peripheral, 181 
sympathetic, 185 
tissue, 23 

Neucleus dentatus, 160 
Neural arch, 48 
crest, 182 
folds, X49 
groove, 149 
plate, 12, 49, 149 
spine, 49 

Neurapophyses, 49 
Neurenteric canal, 12 
■ Neuroblasts, 151, 182 
Neuroglia, xsx 
Neuromasts, 189, 203 
. Neuromeres, 168 
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Neurons, 23 ' 

Neiiropore, 12 
Newts, 6 ' 

Nictitating membrane, '228 ■ 
Nidamental organ, 374 . 
•Nipples,' 41 , 

..Nodose ganglion, 199 
Non-elastic tissue, 26 
. Nostrils, 215 
Notochord, 13, 51 
.Notochordai sheath, 51 
. Nuchal. flexure, ,158 ' 

Nucleus den tatus, 160 . 

0 

Oblique muscles, 136, 139 
Obturator foramen, 120 
Occipital bone, 76 
lobe, 166 
nerves, 201 
vertebras, 68 
Occipitalia, 75 
Oculomotor nerve, 194 
Odontoblasts, 28, 43, 234 
Odontoid process, 56 
CEsopliageo-cutaneoiis duct, 266 
OEsopliagus, 248 
Olecranon process, 13 1 
Olfactory bulb, 155, 192 
duct, 218 
lobe, 192 
nerve, 191 
organs, 214 
Omasus, 252 
Omenta, 17 
Omosternum, 65 
Omphalo-mesenteric artery, 304 
vein, 304, 307, 320 
Ontogeny, i 

Opercular apparatus, 267 
gill, 271 
Operculare, 86 
Operculum, 86, 267 
Ophthalmic nerve, 195 
Opisthoccelous, 50 
Opisthotic, 76 
Optic cliiasn.x<'i64, 192 
cup, 222 
lobes, 156, 160 
nerve, 192 
pedicel, 228 


Optic stalk,. 222 
. vesicle, 222 ' 

Ora serrata, 225 
Oral cavity,. 232 
■ glands, 24s 
hood, '232 
plate, 230 

Orbicularis muscles,' 145 
Orbital fissure, ■ 69,75'/ 
glands, 247 , 
Orbitosphenoid, 75 
Organ of Corti, 210 
' 'of Jacobson, 212, .214 ■ 
Origin of muscles, 134 
Oronasal groove, 216 
Os basale, 92 
cloacas, 123 
en ceinture, 95 
entoglossum, 107, 243 
pubis, 120 
transversum, 95 
uncinatum, 107 
uteri, 392 

Ossa suprasternaiia, 66 
Ossein, 27, 43 
Osseous tissue, 27 
Ossicula auditus, 80 
Ossification, 74 
Osteoblasts, 43 

Ostium tubas abdominale, 367 
Ostracoderms, 7 
Otic bones, 76 
capsule, 68 
ganglion, 186 
Otoliths, 209 
Ovariai cords, 363 
Ovarian artery, 320 
Ovary, 363 
Oviduct, 366 
Ovum, 9 

P 

Pacini’s corpuscle, 203 
Paired appendages, 114 
Palseospondylus, 7 
Palatal glands, 246 
Palatine bone, 78 
nerve, 197 
Palatoquadrate, 72 
Pallial commissure, 167 
Pallium, 165 
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Pancreas, 261 
Panmcukis carnosus, 145 
■■Parai)roacliij/'2.93' 

Paracliordal. plates, 6 B ^ : 

;Parail0ccuks>.'r8i 
Pariiglossa, 107, 243 
■Pammastold, process, 109; , 
.Faraphysis, i3'5, 161 
■Parapinealis, 171' 

Farapopiiysls, 49 
ParaspiieB;Oid bone, 77 ■ 
Paraterminal body, 167 ; 

Para thyreoids, 276 . 

Parietal boEes, 77 , 
eye,. 161 ■ ■ 

.foramen, '77',' 162 ' 

,'\iobe,. 
mnscles, 133 
.organ, i 6 t 
.''Famccip.ita’l,'ro9 
Parotic process, 102 
Parotid gland, 33, 247 
Parovarial canal, 369 
Parovarium, 393 
Patella, 129 
Pauncb,:2'52 
Pearl organs, 31 
Pecten of eye, 229 
Pectineal process, 124 
Pectineus muscle, 141 
Pectoral fin, 113 
Pectoral girdle, 116 
Pectoralls muscle, 144 
Peduncles of cerebellum, 159 
of cerebrum, 156 
Pelvic ganglion, 186 
girdle, 120 
Pelvis, 120 

of kidney, 387 
Penis, 3S4, 394 
bone, 30 

Pericardio-peritonea! canals, 18, 308 
Pericardium, 18, 19, 305 
Perichondrium, 27, 42. 

Periderm, 29 ^ ■ 

PerMumI space, 2:71 
Perilymph, aro 

duct, 2X0 , ' 

Ferimenlngcal space, 170 ' 
PerimjTsium, 26, 134 
Perineum, 394 
Permeureum, 25 


Periosteum, 28, 43 
Peripheral nervous system, iSi 
Peristalsis, 132, 232, 253 
Peritoneal canfis, 20 
cavity, iS 
Peritoneum, 19 
Peroneal artery, 31Q 
Pessulus, 287 
Petromyaontes, 4 
Petrosal bones, 76, no 
ganglion, 198 
Peyer’s patches, 347 
Phssochrome cells, 371 
Phalanges, 127 
Pharyngeal cartilages, 73 
derivatives, 274 
nerve, 198 
plate, 230 

Pharyngobranchial, 73 
Pharynx, 248, 262 
Phosphorescent organs, 31 
Photophores, 31 
Phrenic nerve, 146 
Phyllospondyious, 54 
Physociisti, 279 
Physostomi, 279 
Pia mater, 171 
Pigment cells, 26, 30 
layer, 222 

Pigmented epithelium, 226 
Pinealis, 161 
Pisces, 5 
Pisiforme, 128 
Pituitary body, 164 
Placenta, 399 
Placoid scales, 44, 233 
Plasma, 2S, 299 
Plastron, 45 
Platybasic cranium, 69 
Platysma myoides, 145 
Plesiosaurs, 6 
Pleura, 19, 289 
Pleural cavities, 18 
Pleurodont, 98 
Plexus, 183 
Plica semilunaris, 228 
Plicae fimbriatfe, 244 
Plumse, 35 
Plumuiae, 35 
Pneumatic bones, 295 
duct, 279 

Pneumatocyst, 278 



Fiieumogastric nerve, 199 
Podium, 1 14, 125 
Poison fangs, X03, 238; 

glands, 31, 246,,^ 
Pollex, 12S , . 
Polymastismj,4o 
Pons varolii,; 160 
Popliteal; artery, 319 , / 
Pori/abdomiiiales,, ,19 : : : ■ 
Portal drculation,': 3'2i;, : 
heart, 331 
system, 321, 325 
vieii, 322 

Postbranchial bodies, 276 
Postcardina! sinus, 317 
vein, 304, 323 
Postcava, 327 
Postclei thrum, 117 
Posterior commissure, 160 
Postfrontal bone, 77 
Postminimus, 128 
Postoptic commissure, 164 
Postorbital bone, 77 
Postparietal bone, 77 
Postpubic process, 123 
Posttemporal fossa, 79 
Posttemporals, 116 
Posttrematic nerves, 190 
Precava, 339 
Precoracoid, 117 
Predentary bone, 97 
Prefrontal bone, 77 
Prehallux, 128 
Premaxilia, 78 
Premolars, 239 
Prenasa! bone, ■ 1 10 . 
Preopercnlum, 86 
■."■Preoptic, recess,. 154 
Prepollex, 128 
Prepubis, 122 
Presphenoid, 75 
Presternum, 64 
Pretrematic nerves, 190 
Pre vertebral ganglia, 185 
Pre vomers, 77 
Primates, 7 

Primitive groove, xo, 149 
* streak, 10 
. Primordial ova, 362 
■, Proatlas, '56 
, Procojloiis, $0 
Procoracoid, 117 
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Proctodeum, 13, .2,31 
Profundus nerve, , 195 
Projection fibres, 1 68 
Pronephric duct, 353 
tubules, 353 
Pronephros, 352 
Prootic, 76 
Propterygium, 126 
Prostate glands, 393 
Pro to vertebrae, 15 
Protractor muscles, 14.1 
Proventriculiis, 251 
Psalterium, 252 
Pseudobranch, 271 
Pseudoconch of nose, 219 
Psoas muscle, 138 
Pterodactyls, 6 
Pterotic, 76 
Pterygia, 114,125 
Pterygoid bone, 78, 108 
Pterygoideus muscle, 144 
Pterygopodial glands, 31 
Pterygoquadrate, 71 
Pterylse, 35 
Ptyalin, 246 
Pubis, 120 

Pubofemoralis muscle, 141 
Pulmonary circulation, 315 
vein, 329 
Pulp cavity, 235 
Pupil of eye, 227 
Pygostyle, 60 
Pyloric caeca, 253 
glands, 250- 
Pylorus, 249 
Pyramidal tracts, 168 
Pyramidalis muscle, 138 
Pyramids, 157 

Q 

Quadrate bone, 78 
Quadratojugal bone, 78 

K 

Radial artery, 319 
Radiaiia, 114, 128 
Radius, 127 
Radix aortae, 303, 312 
Rami of spinal nerves, 183 
gray, 187 
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Rathke's pocket, 164, 261 
Rectal gland, 254 
Rectum, 254 

Rectus <abdominis muscle, 138 
capitis muscles, 137 
muscles, 136, 139 
Recurrent bronchi, 295 
Renal arteries, 304, 320, 341 
corpuscle, 350 
portal system, 325 
Rennet, 252 

Reproductive ducts, 364 
organs, 349, 3^2 
Reptiles, brain, 176 
circulation, 336 
dermal skeleton, 45 
gills, 272 
girdles, 119, 122 
legs, 129 
lungs, 291 
lymph system, 346 
scales, 4S 
skin, 33 
skulls, 95 
sternum, 65 
teeth, 237 
tongue, 243 
trachea, 286 
urogenital organs, 381 
vertebra, 58 
Reptilia, 6 

Respiratory duct, 218 
organs, 262 

Rete mirabile, 280, 300 
Reticulum, 252 
Retina, 224 
Retinal arterys, 225 
layers, 222 
vein, 225 

Retractor bulbi, 139, 227 
muscles, 141 
Retrolingual gland, 247 
Revelient veins, 3 28 
Rhachis, 35 
Rhachitomous, 53 
Rhinal fissure, 178 
Rhinencepiialon, 156, 159 
Rhynchocephals, 7 
Ribs, 60, 62 
Riel, island of, 179 
Rodentia, 7 
Rods of eye, 224 


Roof plate, 150 
Rostral bone, 97 
' , cartilage, S5 , ■ 
Rostrum /sphenoidale, 1.06 

Rumen, 252 

S-' , 

Sacculo-utricular canal, 20 
Saccuius, 207 

endolymphaticus, 207 
SaccLis vasculosiis, T64 
Sacral artery, 318 
plexus, I S3 
ribs, 64 
vertebrae, 55 
Sacrum, 55 
Salamanders, 6 
Salivary gland, 247 
Santorini’s duct, 261 
Sarcolemma, 26 
Sauropsida, 6 
Savi’s ampullae, 206 
Scalar of ear, 208, 210 
Scalene muscles, 138 
Scales, 43 
horny, 30 
Scaphoid, 128 
Scapula, 1 17 
Scapular region, 11$ 

Scent glands, 34, 39 
Schizocoele, ii 
Schizorhinal, 106 
Schwann’s sheath, 24 
Sciatic artery, 319 
vein, 314? 327 
Sclera, 70, 227 
Scleroblasts, 43 
Sclerotic bones, 76, 227 
coat, 70 

Sclerotomes, r6, 20, 51 
Scrotum, 364, 389 
Sebaceous glands, 39 
Seessel’s pocket, 231 
Segmentation cavity, 9 
of egg, 9 
Sella turcica, 69 
Semicircular canals, 208 
Semilunar ganglion, 195 
Seminal vesicles, 393 
Seminiferous tubules, 364 
Sense hillocks, 189 
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Sensory r^rvesj 182 
orgaru, 201 
Septomaxilary, 92 
Septum pc-ilucidum^ 
trail srsum, iS 
Serosa, 30 

Serratus la ssde, 13S 
•Sertoli^s ce,:.s, 364 
Seram, 299 
Sesamoid bones, 134 
Sexual glands, 349 
Shagreen, 44 
Sheath of notochord. 

Shell gland, 366, 374,! 
Shoulder girdle, 116 
Sinus impar, 2S1 

of Morgagni, 285 
terminalis, 322 
urogenitalis, 366 
venosus, 303, 308] 
Sinuses of nose, 222 
Sinusoids, 300 
Sirenia, 7 

Skeletogenous tissues, 
Skeleton,' 41 
Skin, 29 
Skull, 67 
Smell, 214 
Smooth muscle, 25 
Solar plexus, 186 
Somatic arteries, 304 
layer, ii 
nerves, 183 
Somatopleure, 16 
Spermatic artery, 320 
Spermatoaoon, 9, 389 
Sphenethmoid, 94 
Sphenodon, 6 ' 

Sphenoid bone, 76 
Sphenoidal fissure, 69 
sinus, 222 
turbinai, no 
Sphenoidalia, 75 ; 

Sphenolateral cartilage,|§‘2i 
Sphenopalatine foramei 
ganglion, 186, 196 j 
Sphenotic, 76 

Sphincter muscles, i 34 | W 
pupillie, 227 
Spinal artery, 318 

muscles, J$f >' 


Spinal nerves, 181 
Spino-occipital nerves, 201 
Spiracle, 265 
Spiracular gills, 271 
Spiral valve, 254 
Splanchnic layer, II 
Splanchnocoele, i8 
Spianclinopleure, 16 
Spleen, 348 
Splenial bone, 79 
Splenic artery, 316 
Squamata, 7 
Squamosal bone, 78 
Stapes, 80 
Stegocephali, 6 
Stenon’s duct, 247 
Stenson’s gland, 222 
Sternebrae, 64 

Sternocleidomastoid muscle, 141, 144 
Sternohyoid muscle, 142 
Sternum, 64 

abdominal, 65 
Stomach, 249 
primitive, 10 
Stomata, 343 
Stomodeum, 13, 230 
Stratified epithelium, 22 
Stratum corneum, 30 
germinativum, 29 
lucidum, 37 
Streptostyly, 96 
Striped muscle, 25 
Sturgeon, 5 

Styloid process, no, 245 
Subcardinal vein, 324 
Subclavian artery, 304, 319 
vein, 304, 325 
Subcutis, 30 
Subiingua, 244 
Sublingual gland, 246 
Subintestinal vein, 304, 321 
Submaxiliary ganglion, 186, 197 
gland, 247 
Suboperculum, 86 
Subunguis, 31 
Sulci of brain, 166 
Sulcus limitans, 154 
Sulcus of Monro, 154 
Superficial lateralis nerve, 199 
ophthalmic nerve, 195, 197 
Superior commissure, 16 1 
jugular vein, 323 




Superior maxiilary iier^e, xgd,, 
mesenteik*: artery, 316 
oblique muscle, 13P 
Supracleitkra, 116 
Supracondylar foramen, 13 x 
Supraethmoid, S8 
Supraetlimoid bone, 88 
Supra r.iccipital, 73 
Supraorbital bone, 77 
Suprapericardial bodies, 275 
Suprarenal organs, 370 
Suprascapula, 116 
Siiprasternalia, 66 
Supra temporal bone, 77 
fossa, 70 
Siirangulare, 70 
Susfjensor of jaws, 73, So 
Suture, 42 
Sweat glands, 39 
Sweetbreads, ,275 
Swim bladder, 278 
Sylvian fissure, 166, 179 ' 
Sympatlietk system, 183 
trunk, I S3 
Symphysis, 79 
Symplectic bone, So, SB 
Synarthroses, 42 
Synostosis, 42 
S^motic tectum, 69 
Synovial cavities, 21 
membrane, 42 
Synsacntm, 59 
Syrinx, 286 

Systemic circulation, 31 1 , 
Systole, 30S 


Tabulare, 77 

Tactile corpuscle, 193, 202 
senses, 203 

Tienia marginalis, loS 
Talus, 128 

Tapetum lucidum, 226 
Tarsal glands, 229 
Tarsaie, 128 
Tarso-metatarsus, 130 
Tarsus, 127 
Taste, 213 
Tear gland, 228 
Teats, 41 
Teeth, 223 

epidermal, 241 


Tegmen cranii, 69 
Tela conjunctiva, 3c 
Telse chorioidea, 157 
Telencephaibn, 155 
Teleostd, 3 
Teleostomes, 8 
Telodendra, 24 
Temnospondylous, 
Temporal bone, iif 3 
fossa, 77 lea’.' 
lobe, it 6 

Tenaculum, 228 Ijc 
T entorium, 1 71 5^ ■ 

Terminal lamina, g . 

nerve, 2:92 | 4 

Testes, descent 0; | 

T^tis, 363 ' ^9 

*'-Tetmpoda, 8 
Thalamencephai' 
Thalamic nerve, ^ 5 ^ 
Thalamus, 161 
Thecodont, 98, 2 
Theromorphs, 6 ^ 
Thoracic duct, 34 
vertebrse, 55 f i 

Thread cells, 3® I 
Thymus glands, I . 
Thyreohyal, 112 I 
Thyreoid bartila^ ■ 
gland, 277 j ’84 
Tibia, x 27 
libial artery, 32^ 
UMale, tpB | ' 
Tihio-^us,‘ 131 
T»ues, '2x ,| 

Tongue,' 242 . I 
Tonsils,' 278, 3J 
Touch organs, i| 
Trabecula comial 
Tmbecufe cran|' 69 
Trachea, 282, 4 ^ 
Tracts of cord,| 
Transverse pro! , 

^ Transvemospinl * 49 


: TrTOversus^ 
Tmpealain,'* s, 131 
T»pe?!iua^'li^» 

' Trapasoiil^^S ' |44 
Tricuspid 
^ Tngemiba! 
Trtquetmmf™ M'' 


luscles, 137 



